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PREFACE 


Having been for several years past engaged in the 
instruction of persons designed for, or belonging to the Sea, I 
have frequently had occasion to lament that most of the existing 
Works on Practical Navigation, and particularly some that have 
been very generally circulated, are extremely erroneous, both in 
the instructive and tabular parts, and by no means calculated to 
answer all the purposes of the Mariner, Teacher, or Pupil. 

With a view to remedy these defects, and to facilitate the 
acquirement of this most important Art, and further stimulated 
by the flattering reception of my former labours, I have ventured 
to exert my best abilities in composing the present Work; and 
although I do not mean to arrogate to myself any superior pro¬ 
fessional merit, yet I humbly apprehend that my long experience, 
and intimate connection with the subject, have enabled me, in 
some measure, to form a competent judgment of what is most 
requisite to assist the industrious Mariner in acquiring a know¬ 
ledge of the practical part of Navigation. 

In order to accomplish my intended purpose as effectually 
as possible, I have examined, with the greatest attention and 
caution, the various publications that have been written on 
Navigation; and, placing them in a comparative point of view, 
have, I trust, been thence enabled to avoid the errors, and to 
improve the merits of those who have preceded me in this 
branch of Science. 
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That nothing might be wanting to assist the student in his 
progress through the subject, I have commenced with a short 
Treatise on Decimal Arithmetic, the nature of which he will find 
very necessary to be understood in going through the various 
computations that follow. In Geometry such definitions and 
problems only are introduced as appear most essential. Plane 
Trigonometry, both right and oblique-angled, being the found¬ 
ation of the Sailings, is treated of at considerable length. Next 
follows Geography, containing a description of the form and 
magnitude of the Earth, with its various real and imaginary 
divisions, and an explanation of the nature of Latitude and Lon¬ 
gitude. An account is then given of the Instruments used for 
measuring a Ship’s Way, with the manner of correcting their 
errors. This finishes the introductory part to Navigation. 

We now proceed to the various Sailings, in which the 
examples are resolved by construction, calculation, inspection, 
and Gunter’s Scale ; then follows a description of Charts, with 
the methods of using and constructing them. The art of sur¬ 
veying Coasts and Harbours, being very essential to those who 
visit unknown parts, is treated in a manner which it is hoped 
will make its acquisition and practice perfectly easy. 


We come next to the application of Astronomy to Naviga¬ 
tion ; and here I have thought proper to give a short but com¬ 
prehensive view of the Solar System, where the Earth is consi¬ 
dered as a planet; and have then described the various imaginary 
circles of the Sphere. The nature of Parallax, Refraction, &c. 
is explained under this head. The theory of the Winds and 
Tides, with the methods of finding the Time of High Water, 
follow next in order. 
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The most approved methods of ascertaining the Latitude 
and Longitude at Sea by Celestial Observations, also the variation 
of the Compass by Amplitudes and Azimuths, are explained by 
proper rules and examples: there is also given a particular 
description, with the uses, of the various astronomical Instru¬ 
ments employed in taking the Observations. In this part of the 
Work I have given Mr. Douwes’ rules for computing the Lati¬ 
tude by two Altitudes of the Sun, and four different methods of 
clearing the Distance ; the last of which, invented by Captain 
Mendoza Rios,has the advantage of not requiring any distinction 
of cases. The method of finding the Longitude by a Timekeeper 
being now much practised, the necessary rules and examples 
are introduced for that purpose. 

The learner is next led into the Rules for keeping a Journal 
at Sea, wherein are exhibited the methods of correcting the 
Courses for Leeway, Variation, &c. with general Rules for 
working a Day’s Work;- and the whole is illustrated by separate 
Days’ Works, and further, by a Journal kept from England to 
Madeira. 

With respect to the Tables in this Work, I have only to 
observe here, that they are published under the title of “Nautical 
Tables have been very generally adopted by the Officers in 
the Navy,and in the Honourable East India Company’s Service ; 
and have received the approbation of Navigators in general. 


Ten Editions of this Treatise having been submitted to the 
candid judgment of a discerning Public, and met with a most 
flattering reception, I have been induced, both from a sense of 
gratitude, and an earnest desire of rendering the Work still 
more useful, to revise the whole with the greatest care and 
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circumspection. In doing this, I have made considerable additions, 
particularly on the subject of determining the Latitude and Lon¬ 
gitude by Celestial Observations. In the Rules for correcting 
the apparent Distance for the effect of Parallax and Refraction, 
I have introduced a fifth method, which, with the assistance 
of a set of Linear Tables, invented and published by me, is 
rendered one of the easiest and shortest that have been proposed. 
I have also treated at considerable length on the use and manage¬ 
ment of Chronometers, with the method of examining and 
comparing their rates; have added several new Tables, and 
corrected the Latitudes and Longitudes of places according to the 
most modern and best authenticated observations: in short, 
having made every alteration and improvement that long expe¬ 
rience and unremitted attention have suggested, I trust that the 
present Edition will merit a continuance of that approbation, 
which the Work has always hitherto experienced from a liberal 
and enlightened Public. 

J. W. NORIE. 


Naval Academy, Leadenhall Street. 
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NAVIGATION. 


INTRODUCTION. 

NAVIGATION is that Art which instructs the mariner in what manner 
to conduct a ship through the wide and trackless ocean, from one part to 
another, with the greatest safety, and in the shortest time possible. 

It is difficult to trace the origin of this most important Art, to which a 
diversity of events might have given rise; but, in all probability, it owes 
its birth to necessity, the parent of almost every human invention. The 
Sea Coasts, in many places, are full of islands at no great distance from 
the Continent: curiosity would naturally inspire men with an inclination 
to visit these islands, and consequently prompt them to devise means by 
which they might convey themselves from one place to another on the 
surface of the water; and as this passage did not appear either very long 
or very dangerous, they determined to attempt it: success in one of these 
efforts might encourage a second; and we are informed by Pliny, that 
anciently they sailed only among the islands, and passed over on rafts or 
logs of wood. 

As Science and Commerce advanced, the machines first used would of 
course give way to others of more improved structure and greater con¬ 
venience ; and hence the invention of boats and vessels of various denomi¬ 
nations, better adapted to the nature and extent of the voyages undertaken. 
In process of time, men being convinced by experience that vessels designed 
for navigating the seas, ought to be of a different construction from uiose 
intended for rivers, they would make it their study to rive such a form 
and solidity to ships designed for the sea, as would enable them to resist 
die impetuosity of its waves. 

The action of the wind, of which the effects are so sensible mid so 
frequent, might soon suggest the use of sails; but the maimer of adjusting 
and managing them was more difficult, and would not be so soon discovered; 
this, in fact, appears to have been the last part of the general construction 
of vessels that was found out; and this opinion seems confirmed by the 
practice of savages in the South Seas and other parts, who generally use 
only oars or paddles, but seldom have sails: such must have been the case 
in die first ages. 

The confusion and uncertainty in which the first navigators must have 
found themselves, when either prompted by their enterprising spirit to visit 
remote parts, or driven by the violence of storms out of the sight of land, 
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would naturally induce them to study some method of finding where they 
were in such circumstances: they might soon be sensible that the inspection 
of the heavenly bodies was die only means that could afford them just con¬ 
clusions in this respect; in this manner, probably, Astronomy came to be 
applied to Navigation. 

However, leaving these speculations respecting the rise and progress of 
Navigation, history informs us that the Phoenicians were the first who 
attained any great proficiency in the Art, especially those of Tyre, their 
capital, who sent out various colonies, the principal of which settled on the 
Coast of Africa, and built Carthage, a city that m time rivalled Tyre itself. 
After the destruction of Tyre by Alexander the Great, the Art was trans¬ 
ferred by the conqueror to Alexandria, a new city in Egypt, intended by 
him for the capital of the world; thence diffusing itself, in process of time, 
throughout the whole of the Mediterranean, ana parts adjacent 

But Navigation at that time consisted of little more than the management 
of small barks, which crept along the shore, seldom losing sight of the land: 
it was not till the discovery of the compass that mariners ventured to explore 
the vast ocean, and sought, as it were, for other worlds, at an immense 
distance: since that period, the Art has been continually receiving fresh 
improvements from the efforts of learned and ingenious men, both in 
respect to the construction of vessels, and the methods of working and 
conducting them; so that, at the present time, a voyage to the remotest 
part of the globe may be performed in the short space of a few months. 

Navigation may be divided into two branches: vis. Seamanship , compre¬ 
hending the method of managing a vessel by disposing her sails, rudder, &c. 
so that she may move in any assigned course or direction the winder 
weather will permit; and Navigation Proper (the part we intend prin¬ 
cipally to treat of in the present Work), which comprehends those methods 
by which a mariner determines at any time the situation of his vessel, the 
course she is to be steered, and the distance she has to run, to gain her 
intended port: hence the requisites for a mariner, in order to understand 
this branch of the Nautical Art, are, a competent knowledge of the figure 
and magnitude of the earth, with the various imaginary drdes drawn upon 
it, so as to be able to ascertain the distance and situation of places with 
respect to each other; the method of finding the ship's latitude and 
longitude, either by her course and distance run, or Dy astronomical 
observations; the use of various instruments, as the log, compass, half¬ 
minute glass, quadrant, sextant, &c.; the different allowances necessary to 
be made in estimating a ship's way, as for leeway, variation, and currents; 
the method of finding the time of high water at any place; the use of 
charts, both Plane and Mercator's, with the method of constructing them; 
all of which particulars, depending upon mathematical and astronomical 
s principles, with whatever relates to the practical navigator, we shall 
endeavour, in the following sheets, to explain and illustrate in such a 
manner as to render every part as dear, concise, and methodical os an Art, 
embracing such a variety of subjects, will possibly admit 



DECIMAL ARITHMETIC. 


WHEN any quantity is considered as constituting a whole, it is called 
an integer; and when an integer is supposed to be divided into a certain 
number of equal parts, any number of these parts, considered in their 
relation to the whole, is called a fraction, winch is expressed by two 
numbers placed one above another with a line between them; the lower of 
these, called the denominator , denotes the number of parts into which the 
integer or whole is divided, and the upper, called the numerator , expresses 
how many of these parts are contained in the fraction: for instance, suppose 
a foot divided into o equal parts, and 4 of those parts were to be considered 
as a fraction of the whole; it would be written m numbers thus f, where 
the figure under the line shews that the foot is divided into 6 parts, 
and the 4 above the line denotes the number of those parts contained in 
the fraction. 

Fractions, whose denominators are 10, 100, 1000, &c. that is, a unit 
with ciphers annexed to it, are called Decimal Fractions; but with any 
other denominators they are called Vulgar Fractions 

As the denominators of decimal fractions are always one of the numbers 
10, 100, 1000, &c., it is most convenient to write down the numerators 
only, placing before them a mark called a decimal point , to distinguish 
them from wnole numbers; for the value of each place of figures wul be 
known in decimals, as well as in whole numbers, by their distance from the 
decimal point; which will appear by the following Table, where the figures 
to die left-hand of the decimal point are considered as whole numbers, and 
those to the right, decimals. 
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Thus . 2 or ^ is read two-tenths, and 87.24, eighty-seven and twenty- 
four hundredths; the latter of these is called a mixed number , because it 
consists of a fraction and an integral or whole number. 

In setting down a decimal fraction without its denominator, the numerator 
must consist of as many places as there are ciphers in the denominator; 
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and if it have not so many figures, the defect must be supplied by setting 
ciphers before them ; thus, A is . 3, and ^ is . 16, and iJfo is . 014, ana 
nfeo is . 006, &c. 

Hence it appears, that as ciphers on the right-hand of whole numbers 
increase their value decimally, or in a tenfold proportion, as 5,50,600, &c., 
so when set on the left of decimal fractions, they decrease the value 
decimally, or in a tenfold proportion, as . 5, . 05, . 005, &c. But ciphers 
set on the other sides of these numbers make no alteration in their value, 
either of increase or decrease; so 5, or 05, or 005, &a are all of the same 
value, as are . 5, or . 50, or . 500, &c.; for in the latter case it is evident 
that die numerator increases in the same proportion as the denominator. 

Having thus briefly explained the nature of fractions, we shall now 
proceed to lay down the Boles necessary to be understood in the practice 
of Navigation, giving a few examples to each by way of illustration. 


ADDITION and SUBTRACTION. 


Rule. These are performed exactly die same as in whole numbers, 
observing always to place the decimal points in a line, so that figures of the 
same denomination may range under each other. 



BXAHPLB8 

IN ADDITION. 


.5 

53.2 

65 . 

720.1464 

• 75 

70.46 

246.3 

39 . 

.253 

2.304 

19.24 

7-246 

.582 

127.4 

121.46 

259.1703 

2.085 

262.364 

452.00 

1025.6627 


EXAMPLES IN SUBTRACTION. 


• 75 

246.25 

174 . 

176.014 

.5 

19.5 

2.561 

29.008 

~25 

226.75 

171.439 

147.006 


MULTIPLICATION. 

Rule. Multiply the given numbers together as if they were whole 
numbers, and point off as many decimals in the product, counting from the 
right-hand, as there are decimals in the multiplicand and multiplier together. 
When it happens that there are not so many figures in the product as 
there must be decimals, supply the defect by prefixing ciphers on the left- 
hand. 
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EXAMPLES* 


.35 Multiplicand. 3.275 . 2376 

• 42 Multiplier. 29.5 . 0062 

”50 16375 4752 

100 29475 14256 

- 6550 - 

. 1050 Product - . 00147312 

- 96.6125 - 



DIVISION. 


Rule. Divide as in whole numbers, observing that the divisor and 
quotient are to contain together as many decimal figures as there are 
in the dividend; if therefore the dividend have just as many places of 
decimals as the divisor, the quotient will be a whole number without any 
decimal figures. If there be more places of decimals in the dividend than 
in the divisor, point off as many figures in the quotient as there are decimals, 
in the dividend more than in die divisor, a want of places in the quotient 
being supplied with ciphers on the left-hand; and if there be more places 
of decimals in the divisor than in the dividend, add ciphers to the dividend 
to make as many places of decimals as in the divisor; then the quotient will 
be a whole number, without decimals. 

When, after the division, there is a remainder, ciphers may be added to 
the dividend, and the operation continued as before, until either there be 
no remainder, or a sufficient degree of exactness be obtained in the quotient. 

XXAMPLB8. 

Diviior. Dividend. Quotient. Divisor. Dividend. Quotient. 

6.5) 7234.6 (1113. 12.6) .45696 (.0365 

65 375 

819 
750 

~m 

625 


73 

65 

~84 

65 


195 

195 


70 
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DMw. Dtritai Quotient. 

.423 ) 476.520(1126 
423 

"635 

423 

1122 

846 

2760 

2538 

a22 


Dirinr. DirUead. Quotient. 

96) 2.30000 (.08396 
1 92 

380 

288 

~920 

864 

"560 

480 

80, &c. 


REDUCTION. 


To reduce a Vulgar Fraction to a Decimal of the same Value . 

Rule. Add ciphers at pleasure to the numerator, and divide by the 
denominator; the quotient will be the decimal fraction required. 

EXAMPLES. 


Reduce 3 of a mile to a decimal fraction. 
0)3.0 

.5 or A 

which is a decimal of the same value 
with the proposed vulgar fraction $• 


Reduce gg of a degree to a decimal 
fraction. 

00 ) 23.000 (. 383 or nearly. 
180 

500 

480 

200 

180 

"2Mm. 


Every quantity may be considered as a fraction of a larger of the same 
kind: as a league the ^ of a degree; an inch, the A of a foot, &c.; and 
therefore may be reduced to a decimal fraction, as in the following 


EXAMPLES. 


What decimal part of a foot is 9 inches ? 
12)9.00 


• 75 or T %, 


What is the decimal value of 15 miles, 
considered as a fraction of a degree ? 

00) 15.00 (.25 or flfo. 

120 


which is equal to A °f a foot. 


300 

300 
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When the given quantity consists of several denominations, reduce them 
to the lowest, as in common Arithmetic; likewise reduce the integer to the 
same denomination; then proceed as before. 

EXAMPLES. 


Reduce 1 foot 6 inches to the decimal 
of a yard. 


Ft. 

In. 

Ft. 

1 

6 

3 = 1 Yard. 

12 


12 

18 

Numerator. 

36 Denominator. 


36) 18.0 (. 5 Answer. 
180 


Reduce 21 minutes 54 seconds to the 
decimal of a degree. 

Min. Sec. Sec. 

21 54 = 1314 Numerator. 
1 deg. or 60 0 = 3600 Denominat. 

3600) 1314.000 (. 365 Answer. 
10800 


23400 

21600 


18000 

18000 


To find the Value of a Decimal Fraction in Money, Weight, Measure, fyc. 

Rule. Multiply the decimal by the number of parts of the next inferior 
denomination contained in the integer; pointing off in the product as many 
places for decimals, to the right-hand, as the given decimal consists of, and 
those to the left-hand will be an integer number: then multiply the 
remaining decimals by the number of parts contained in the next inferior 
denomination, and point off the decimals as before. Proceed thus till it be 
brought to the lowest denomination. 

BXAMPLE8. 


What is the value of . 875 of a pound 
sterling? 

.875 

20 


What is the value of. 42 of a degree?* 

.42 

60 


Shillings 17.500 
12 


Minutes 25. 20 
60 


Pence 6.000 


Seconds 12.00 


Answer, 17s. 6d. 


Answer, 25 minutes 12 seconds. 


* When tenths of a degree or minute are to be reduced into minutes or seconds, it may 
be expeditiously done by multiplying the tenths by 6, and the product will give the minutes 
or seoonds required: for example, . 5 of a degree multiplied by 6 (fives SO minutes, and . 9 of 
s minute, 54 seconds. On the contrary, to reduce minutes and seconds to tenths of a degree 
or minute, divide them by S. 
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What is the value of. 16660 of a yard? 

.16669 

3 

Feet 60007 

12 

Inches 6.00084 
Answer, 6 inches nearly. 


What is the value of .260 of a league? 

.259 

3 

Miles . 777 

8 

Furlongs 6.216 

220 

Yards 47- 520 

Answer, 6 furlongs 47* 52 yards. 


RULE OF THREE. 


When three numbers are given to find a fourth proportional, the method 
by which it is performed is called the Rule of Three, and is the same in 
decimals as in common Arithmetic: viz. by multiplying the second and third 
terms together, and dividing the product by the first, when the quotient 
will give the fourth term, or proportional number required, of the same 
kind with the second. If the given numbers consist of several denomina¬ 
tions, they are to be reduced to decimals by the preceding Rules. 


EXAMPLES. 


If a ship sail 49.5 miles in 8 hours, 
how many miles will she run in 24 
hours, supposing her to go at the same 
rate? 

Hours. Miles. Hours. 

8 : 49.5 :: 24 
24 

1980 

990 

8)1188.0 

Miles 148.5 Answer. 


Suppose a watch or time-piece gain 
14 seconds in 5 days 6 hours, how much 
will.it gain in 17 days 15 hours ? 

6 hours . 25 of a day. 

15 hours = . 625 of a day. 

Days. Seconds. Days. 

5.25 : 14 :: 17-625 
17-625 

70500 

17625 

- Sec. 

5.25)246.750 ( 47 Answer. 

2100 


3675 

3675 
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LOGARITHMICAL ARITHMETIC. 


LOGARITHMS* are a series of artificial numbers, originally invented 
by John Napier, Baron of Merchiston in Scotland, and afterwards improved 
by Mr. Briggs, in order to expedite long calculations in arithmetic; for 
by using these numbers, the tedious operations of Multiplication and 
Division are avoided, and performed by Addition and Subtraction. This 
method of calculation is called Logarithmical Arithmetic . 


MULTIPLICATION. 

Rule. Add together the logarithms of the two numbers to be multiplied 
(found in Table itXIV.) and their sum will be a logarithm, the natural 
number corresponding to which will be the product required: if either the 
multiplicand or multiplier, or both of them, should consist wholly ot 
decimals, and the index of the sum exceed 10, reject the 10, and the 
remainder will be the index of the logarithm answering to the product. 

BXAMPLB8. 


Multiply 

25 

Log. 1.39794 

Multiply 

23.2 

Log. 

1.365488 

by 

3 

Log. 0.47712 

by 

.6 

Log. 

9.778151 

• 

Product 

75 

Log. 1.87506 

Product 

13.92 

Log. 

1.143639 

Multiply 

3.71 

Log. 0.56937 

Multiply 

.246 

Log. 

9.39093d 

by 

2.5 

Log. 0.39794 

by 

• 07 

Log. 

8.846098 

Product 

9.275 

Log. 0.96731 

Product 

.01722 

Log. 

CO 


DIVISION. 

Rule. From the logarithm of the dividend subtract the logarithm of the 
divisoT, and the remainder will be a logarithm, whose corresponding number 
will be the quotient required. When the index of the divisor exceeds that 
of the dividend, borrow 10, and the remainder will be the index of the 
quotient 

* For the history, nature, and construction of Logarithms, see the Introduction to 
Dr* Hutton*s Set of Mathematical Tables; and for the manner in which they are arranged, 
*nd are to be taken out in this Work, see the Explanation to Table XXIV. 

C 
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EXAMPLES. 


Divide 

by 

75 

3 

Log. 1.87506 
Log. 0.47712 

Divide 

by 

139.2 

6 

Log. 2.143639 
Log. 0.778151 

Quotient 

25 

Log. 1.39794 

Quotient 

23.2 

Log. 1.365488 

Divide 

by 

9.275 
2.5 

Log. 0.96731 
Log. 0.39794 

Divide 

by 

.01722 
• 07 

Log. 8.236033 
Log. a 845098 

Quotient 

3.71 

Log. 0. 56937 

Quotient 

.246 

Log. 9.390935 


INVOLUTION. 


Involution is the raising of powers from a given root. When a number 
is multiplied by itself, the product is called its 2d power, or square; when 
this product is multiplied by the given number, the last product is called 
its 3d power, or cube; and when the multiplication is again repeated, 
the 4th power, and so on. The 1st power, or number thus raised, is called 
the root , and the number of the power to which the given number is raised, 
the indew of that power: hence, to raise or involve a number to a given 

E wer, multiply its logarithm by the index of the power to which it is to 
raised, and the product will be the logarithm of the power sought 
When the given number is a decimal fraction, prefix as many ciphers, 
less one, as the index of the product wants of being 10 multiplied by the 
index of the power. 

EXAMPLES. 


Required the square, or 2d power, of 15. 

Root 15 Log. 1.17609 

Index. 2 


Required the square of. 174. 

Root . 174 Log. 9. 240549 

Index. 9 


Power 225 


Log. 2.35218 


Power .030276 Log. 18.481098 


Required the cube, or 3d power, of 2.5. 

Root 2.5 Log. 0.39794 

Index. 3 


Required the 5th power of. 2. 

Root .2 Log. 9.301030 

Index . 5 


Power 15.625 


Log. 1.19382 


Power . 00032 Log. 46. 505150 


EVOLUTION. 

Evolution is the extracting of the root of a given power, or finding a 
number which, when raised to the given power, will produce the given 
number: it is consequently the reverse of involution, and is performed by 
dividing the logarithm of the number by the index of the power, and the 
quotient will be the logarithm of the root required. 
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When the given number is a decimal fraction, prefix to the index of its 
logarithm a figure lessened by one than the index of the power, and divide 
the whole by the index of the power. 

EXAMPLES. 

Required the square root of 225. Required the square, or 2d root, of 

Power 225 Log. 2) 2.35218 .030276 

- Power.030276 Log. 2) 18.481098 

Root 15 Log. 1.17609 - 

- Root. 174 Log. 9.240549 

Required the cube root of 15. 625. Required the 5th root of. 00062. 
Power 15. 625 Log. 3) 1.19382 Power . 00032 Log. 5) 46.505150 

Root 2.5 Log. 0.39794 Root.2 Log. 9.301030 

RULE OF THREE. 

Rule. Add the logarithms of the second and third terms together, and 
from their sum subtract the logarithm of the first term, and the remainder 
will be the logarithm of the fourth term. 

Or, add together the arithmetical complement* of the logarithm of the 
first term, and the logarithms of the second and third terms; the sum, 
rejecting 10 from the index, will be the logarithm of the fourth term, or 
proportional number. 

BXAMPLE8. 

If a ship sail 49. 5 miles in 8 hours. Suppose a watch or time-keeper gain 

how many miles will she run in 24 hours, 14 seconds in 5 days 6 hours, now 
supposing her to go at the same rate ? much will it gain in 17 days 15 hours ? 

As 8 hours Log. 0. 90309 As 5.25 days Log. 0. 720159 

Is to 49.5 miles Log. 1. 69461 Is to 14 seconds Log. 1.146128 

So is 24 hours Log. 1. 38021 So is 17- 625 days Log. 1.246129 

Sum 3.07482 Sum 2.392257 

0.90309 0. 720159 

To 148.5 miles Log. 2.17173 To 47 seconds Log. 1. 672098 

Or thus. Or thus. 

As 8 hours Arith. Co. Log. 9.09691 As5.25days Arith.Co. Log. 9. 279841 
b to 49.5 miles Log. 1. 69461 Is to 14 seconds Log. 1.146128 

Bo is 24 hours Log. 1.38021 So is 17. 625 days Log. 1.246129 

To 14R 5 miles Log. 2.17173 To 47 seconds Log. 1.672098 

Not e. — See these Examples worked in Decimal Arithmetic. 
to TabT ti^method of finding the arithmetical complement of a logarithm, see Explanation 

C 2 
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PRACTICAL GEOMETRY. 


DEFINITIONS. 

I. 

GEOMETRY* is the Science or doctrine of extension, or things ex¬ 
tended ; that is, of lines, surfaces, and solids; or it is that Science which 
treats of the descriptions, properties, and relations of magnitude in general. 

II. 

A Point is that which hath no parts, being considered in Mathematics 
as indivisible, and may be expressed by a dot. 

III. 

A Line is that which is produced by the motion of a point, and has 
length without sensible breadth or thickness. 

IV. 

A strait Line, or right Line, is that which 
lies evenly between its extremes, without changing B 

its direction, and is the nearest distance between 
the two points that terminate it, as a b. 

V. 

A curved Line is that which is not the nearest 
distance between its extremes or ends, as c d. 

A line is generally expressed by two letters at its extremes. 

VI. 

Parallel Lines are such as are in the same 

direction, being in every part at the same distance a--b 

from each other, and wnich, if infinitely extended, c- f> 

would never meet; as the lines ab,cd. 



* Geometry originally meant nothing more than the Art of measuring the earth, and is 
said to have been invented by the Egyptians, who had recourse to it in order to ascertain the 
artificial boundaries of their land, which were entirely obliterated by the annual inundation 
of the Nile; but the Science, in its present extended sense, constitutes the principal foundation 
of all the Mathematics. 
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VII. 

A Superficies, or Surface, is that which is conceived to have length 
and breadth only, without any consideration of thickness, and its boundaries 
are lines. 


VIII. 

A Plane Superficies is that which lies evenly between its extremes, 
so that a right line may wholly coincide with it in all parts and directions. 


IX. 

A Solid is that which hath length, breadth, and thickness, and its bounds 
or extremes are Superficies. 


X. 

A Circle is a plane figure bounded by a curved 
line, called the circumference, as a b d, which 
is in every part equally distant from a point within 
it, called the centre, as c ; it is formed by the 
revolution of a line about one of its extremities, 
which remains fixed. 

The circumference of itself is often called the 
circle, although properly the circle is the space 
contained within the circumference. 

The circumference of every circle is usually supposed to be divided into 
860 equal parts, called degrees ; each degree into 60 equal parts, called 
minutes ; each minute into 60 equal parts, called seconds ; and so on. 

Degrees, minutes, and seconds, are thus expressed, 40° 3 % 15"; that is 
40 degrees, 32 minutes, and 15 seconds. 


A 



XI. 

An Arch or Arc of a Circle is any part of the 
circumference, as d f e. 


XII. 

A Chord is a right line joining the ends of an 
Arch, as de; it divides the Circle into two unequal 
parts, called segments ; as d f e and dge, 


F 
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XIII. 

A Diameter is a right line drawn through the 
centre of a circle, and terminated at both ends by 
the circumference, as acb; it divides the circle 
into two equal parts, called semicircles ; as agb 
and afb. 


XIV. 

A Quadrant is half a semicircle, or the fourth 
part of the whole circle, as acg or gcb. 



F 


XV. 

A Radius, or Semidiameter, is a right line drawn from the centre to 
any part of the circumference, and is the extent taken in the compasses 
to describe a circle, as c a, c g, or c b. 


XVI. 

A Sector is any part of a circle comprehended 
between two radii ana their included arch, as acb. 


XVII. 

An Angle is the inclination or opening of two 
lines meeting in one point: the point where they 
meet is called the angular point, as a ; and the 
lines that include it, the sides or legs, as a b, 
or a c. 




XVIII. 

An Angle is sometimes expressed by three letters, the middle one always 
denoting the angular point, and the other two the legs that include it; but 
generally by the letter at the angular point only; as the angle b a c, or the 
angle a. 

XIX. 

An angle is measured by an arch of a circle 
contained between its legs, making the angular 
point the centre of the circle; thus the arch a b 
is the measure of the angle acb. 
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XX. 

Angles are said to be equal to each other when 
the arches that measure them are equal, as the 
angles acb and def. 



XXI. 

One angle is esteemed greater or less than 
another, according as the arch between its legs is 
greater or less; thus the angle ghi is greater than 
the angles a c b or d e f. 



\ 


From the preceding Definitions it will appear evident that the measure 
of an angle does not depend on the length of its legs, but on their incli¬ 
nation only ; for, as we have just seen, the angle g h i is greater than the 
angles acb or d e f, although the legs of the latter are longer than those 
of the former. 


XXII. 

As all circles are supposed to be divided into 860 equal parts, called 
degrees, &c. a certain number of these divisions will be contained between 
the two legs of the angle; wherefore an angle is said to measure so many 
degrees, minutes, &c. as are contained in the arch between the legs. 


XXIII. 

The arch which measures an angle may be described with any radius; 
for, since the whole circumference of every circle is supposed to be divided 
into the same number of parts, it hence follows that the divisions will be 
greater or less in the same proportion as the whole circumference. 


XXIV. 


When one right line falls upon another, so as 
to make the angles on each side of it equal, it is 
called a perpendicular, and the angles formed 
by these lines, as the angles a c d, d c b, are called 
right angles ; now as the semicircle adb con- 
tarns 180 degrees (the half of 860), all right angles 
will contain an arch of 90 degrees, equal to the 
fourth part of the whole circle. 


D 
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XXV. 

An acute Angle is that which contains less 
than a right angle, or 90 degrees, as the angle 

CAB. 


XXVI. 

An obtuse Angle is that which contains 
more than a right angle, or 90 degrees, as the 
angle fde. 



XXVII. 


Acute and obtuse angles are called oblique Angles. 


XXVIII. 

The Sine or right Sine of an arch is a 
right line drawn from one extreme of the arch, 
perpendicular to a diameter drawn to the 
other extremity, and is equal to half the chord 
of double the arch; thus d e is the sine of 
the arch n b, and is equal to half the chord 
d i of double the arch dbi. 



XXIX. 

The versed Sine of an arch is that part of a diameter contained 
between the sine and the arch; thus eb is the versed sine of the arch d b. 


XXX. 

The Tangent of an arch is a right line drawn perpendicular to the end 
of a diameter passing through one extremity of the arch, and continued 
till it meet a right lme drawn from the centre through die other end of 
the arch; thus a b is the tangent of the arch d b. 


XXXI. 

The Secant of an arch is a right line drawn from the centre through 
one end of the arch, till it meet the tangent drawn from the other end: 
thus c a is the secant of the arch d b. 
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XXXII. 

The Complement of an arch is what it wants of a right angle, or 90 
degrees; thus g d is the complement of d b, or d b of d g. 

XXXIII. 

The Supplement of an arch is what it wants of two right angles, or 
180 degrees; thus l d is the supplement of d b, or d b of l d. 

XXXIV. 

The Co. Sine, Co. Tangent, Co. Secant, and Co. Versed Sine of 
an arch, is the sine, tangent, secant, and versed sine of the complement of 
that arch; Co. being a contraction of the word complement: thus d f is 
the co. sine, g h the co. tangent, c h the co. secant, and g f the co. versed 
sine, of the arch d b; being the sine, tangent, &c. of the arch dg, the 
complement of the arch d b. 

The sine, tangent, and secant of an arch, as of d b, is likewise the sine, 
tangent, and secant of the supplement of that arch, as of l d. 

XXXV. 

An angle being measured by an arch of a circle, (see Def. XIX.) the 
sine, tangent, &c. of an arch is the sine, tangent, &c. of the angle which 
is measured by the arch, or of the degrees and minutes, &c. that the arch 
contains; hence, supposing the arch d b, which measures the angle dcb, 
to contain 50 degrees, the fines de,ab,ac, and e b, will be respectively 
the sine, tangent, secant, and versed sine of the angle acb, or of 50 
degrees; and consequently the co. sine, co. tangent, co. secant, and co. 
versed sine, of the angle g c d, or of 40 degrees, the complement of 50 
degrees. 


XXXVI. 

A Plane Triangle is a figure bounded bjr three right lines, and con¬ 
tains three angles, of which there are several kinds, both with respect to 
their sides and angles. 


XXXVII. 

An Equilateral Triangle is that which 
has its three sides equal to one another, as a b c. 
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XXXVIII. 

An Isosceles Triangle is that which 
has only two sides equal, as def. 



XXXIX. 

A Scalene Triangle is that whose 
sides are all unequal, as ghi. 



XL. 


A Right Angled Triangle is that 
which has one of its angles right, or con¬ 
taining 90 degrees, as the angle a ; the side 
opposite the nght angle is called the Hypo- 
thenuse, as b c ; and the other two sides 
are called Legs, that which stands upright, 
the Perpendicular, as a c, and the other, 
the Base, as b a. 


c 



XLI. 

An Acute Angled Triangle is that 
which has all its Angles acute, as d e f. 



XLII. 

An Obtuse Angled Triangle is that 
which has one of its angles obtuse, as the 
angle h in the triangle ghi. 


i 



XLIII. 

All triangles that are not right angled, whether they are acute or obtuse, 
are, in general terms, called Oblique Angled Triangles, without any 
other distinction. 
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PROBLEMS. 


PROBLEM I. 


To divide a given right Line a b into two equal Parts . 


Take any extent in the compasses greater 
half me line a b, and with one foot in 
b describe an arch; with the same radius, 
and one foot in a, describe an arch cutting 
the former in c and d ; through c and d 
draw a right line, and this line will divide the 
riven line ▲ b into two equal parts at the 
point s. 

In this manner any arch of a circle may 
be divided into two equal parts. 



PROBLEM II. 


From a given Point c, in a given right Line a b, to raise 
a Perpendicular . 


Cask 1st. When the given point c is near 
the middle of the line a b. 

With one foot of the compasses in c, at 
any distance, draw an arch cutting the line 
a b in d and e ; from the points n and e, 
with any distance greater wan ci or c d, 
describe two arches cutting each other in f ; 
through the points f and c draw the line i c, 
and it will be perpendicular to the given line 

AB. 


1 



Case 2d. When the given point c is at, 
or near die end of the line a b. 

Take any point out of the line, as n, and 
with the distance dc describe a circle, 
cutting die line a b in e and c; through 
die centre d and the point e draw the rignt 
fine e f, cutting the circle in f ; then a line 
drawn through f and c will be the perpen¬ 
dicular required. 

d 2 
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Or thus: Describe the arch de at any 
* distance from c, and with one foot of the 
compasses in d, with the same extent, de¬ 
scribe an arch cutting the arch d e in s; from 
this point, keeping the same extent in the 
compasses, draw the arch g ; through d 
and e draw the right line dg, cutting the 
arch in g ; then draw a right line through 
g and c, and it will be the perpendicular 
required. 


A. 



Jl _L 

D C 


PROBLEM III. 


From a given Point c to let fall a Perpendicular on a given 
right Line a b. 


Case 1st. When the point c is nearly 
opposite the middle of the hne a b. 

With one foot of the compasses in c, 
describe an arch cutting the line a b in d and 
e ; from these points, at any distance, describe 
two arches cutting each otner in f ; through 
the points c and f draw a right line, and it 
will be perpendicular to the given line a b. 


Case 2d. When the given point c is nearly 
opposite to the end of the line a b. 

Place one foot of the compasses in any 
part of the given line, as at a, and with 
the distance a c describe the arch c e ; then, 
from any other part of the given line nearly 
under the point c, as at d, with the distance 
dc describe a small arch cutting the arch 
ce in e; then a line drawn through the 

E oints c and e will be perpendicular to the 
ne a b. 


c 








ZB 



PROBLEM IV. 

To draw a right Line parallel to a given right Line a b. 


Case 1st When the parallel line is to pass 
through a given point d. 

Take the nearest distance between the given 
point d and the right line ab; with that 
distance set one foot of the compasses on any 


^ Is D 

- 

A- 


C 
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part of the line ab, as at c, and describe the arch e ; from the point d 
draw a line so as just to touch the arch r without cutting it, and tnat line 
will be parallel to the given line ab through the given point d. 

Case 2d. When the parallel line is to be D E 

at a given distance from tne right line ab. 

With the given distance in the compasses, 
describe two arches, d and e, from any two 
points, as f and g in the given right line; 
then a line d e drawn just touching the two 
arches without cutting them, will be parallel to 
the given line a b. 




PROBLEM V. 


At a given Point d in the right Line d f, to make an Angle edf 
equal to a given Angle cba. 


With one foot of the compasses in b, at any 
distance, describe the arch g h; through d draw 
the line d f, and keeping the same extent in 
the compasses, place one loot in n, and describe 
the arch in i k ; then take the distance g h, 
apply it to the arch i k from k to i, and through 
the points n and i draw the line de; the angle 
edf will then be equal to the angle cba, as 
was required. 



A 



PROBLEM VI. 


To divide a given Angle abc into two equal Parts . 


From the angular point b, with any extent 
ln the compasses, describe the arch d e ; from 
D and e, with the same or any other extent, 
Ascribe two arches cutting each other in f ; 
through the points b and f draw a right line, 
and it will divide the angle into two equal 
parts. 

. In the same manner any given arch of a 
pcle is bisected, when die centre of the circle 
w given. 
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PROBLEM VII. 

To divide a Circle abcd into two , four , ogrAl, sixteen, thirty-tioo 9 $c, 

equal Parts. 

Draw a diameter ab, and it will divide 
the circle into two equal parts; from the 
points a and b describe the arches at c and d ; 
a line drawn through these will divide the 
circle into four equiu parts; then bisect the 
arches a c, c b, &c. by the last problem, and 
the circle will be divided into eight equal 
parts, and so on by continual bisections. 

This problem is useful in constructing 
the Mariner's Compass. 

PROBLEM VIII. 

To draw the Circumference of a Circle through any three given 
Points a, b, c, not situated in a right Line. 

Draw lines joining a b and b c, and bisect 
them by lines meeting in o, as directed in 
Problem I.; then from o, at the distance of 
any one of the points, as o a, describe a 
circle, and it will pass through the other 
points b and c, as required. 

In this manner the centre of a circle may 
be found; for, taking any three points in the 
circumference, and proceeding as before 
directed, the lines meeting at o will give the 
centre required. 




PROBLEM IX. 

To divide a given Line a b into any proposed Number of equal Parts. 

Let it be required to divide the line a b 
into seven equal parts; from one end a, of the 
given line a b, draw a right line a c, makind 
any angle with a b, and from the other end 
b draw a line b d parallel to a c; on each of 
the lines a c, b d, beginning at a and b, set 
off as many equal parts as a b is to be 
divided into, viz. seven; then lines drawn 
from a to 7, 1 to 6, 2 to 5, 3 to 4, &c. will 
divide the given line into seven equal parts. 
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PROBLEM X. 

To construct Scales of equal Parts. 

The amplest scale of equal parts is made by drawing a strait line, and 
dividing it with a pair of compasses into as many primary divisions as con¬ 
venient, which, if the line be of a definite length, may be done by Prob. IX., 
and subdividing one of these decimally, or into ten equal parts; then each 
of the former may represent 10 units, as leagues, miles, &c., and in that 
case the latter will represent one of these units: or if the larger divisions 
be supposed to be 100, then the subdivisions will be tens, and so on. 
Suppose, for example, it were required to set off from the Scale 25 or 250: 
set (me foot of a pair of compasses on 2 among the primary divisions, and 
the other on the 5th subdivision; then this extent will represent 25 or 250 
miles, leagues, or any other measure of length, as may be required. 

There are frequently several of these scales drawn parallel to each other, 
of different lengths, on a flat rule, (as Fig. 1, Plate I.); they are divided 
into as many equal parts as the length of me rule will admit; the numbers 

S laced on the left hand shewing how many parts in an inch each scale is 
ivided into. These scales are sometimes subdivided duodecimally, to adapt 
them to feet and inches when used in Mensuration; or sexagesimally, to 
represent degrees and miles on Maps and Charts. 

But the most correct scale of equal parts is the diagonal scale 
(Fig. 2, Plate I.), the larger divisions of which are commonly an inch or 
half an inch, and sometimes a quarter of an inch, subdivided into one 
hundred equal parts. To construct this scale, draw eleven equidistant 
parallel lines; divide the upper of these lines a e into such a number of 
equal parts as the scale is intended to contain; from each of these divisions 
draw perpendicular lines through the eleven parallels to the line c f ; sub¬ 
divide the first of these divisions a b and c d into ten equal parts, and from 
the point c to the first division in the line a b, draw a diagonal right line, 
and lines parallel to this through each succeeding subdivision; then will 
each diagonal line, in passing from the line b a to d c, be one-tenth of the 
subdivisions further from the line d b, at the points where they intersect 
each succeeding parallel from ba to dc, that is, one hundredth of the 
larger divisions, by which means it is divided into one hundred equal parts. 

If, therefore, tne larger divisions be accounted as units, the first sub¬ 
divisions will be tenths, and the second, marked by the diagonals upon the 
parallels, hundredth parts; but if we suppose each of the larger divisions 
to represent ten, then the first subdivisions will be units, and the second 
tenths; or if the larger divisions be hundreds, then will the first subdivisions 
be tens, and the second units; so that the value of the subdivisions depends 
on that of the larger divisions. 

The numbers 376, 87. 6, 3. 76, may therefore all be expressed by the 
same extent of the compasses: thus, setting one foot in the line marked 3 
of the larger divisions, on the sixth parallel, and extending the other along 
the same parallel to the seventh diagonal, that distance will be the extent 
required; for if the three larger divisions be taken for 300, seven of the 
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first subdivisions will be 70, which, upon the sixth parallel, taking in six 
of the second subdivisions for units, make the whole number 873; or if 
the three larger divisions be taken for 30, seven of the first subdivisions 
will be seven units, and the six subdivisions, upon the sixth parallel, will 
be six-tenths of a unit: lastly, if three larger divisions be esteemed as only 
3, then will the first subdivisions be seven-tenths, and the six second sub¬ 
divisions be the six-hundredth parts of a unit 

PROBLEM XI. 

To construct Lines of Chords , Sines, <$*c. 

Describe a semicircle adb with any convenient radius (Fig. 8, Plate I.), 
and upon the centre c erect the perpendicular c d, continued at pleasure 
to f ; through b draw b e parallel to c f, and draw the right lines a d and 
d b. Divide the Quadrant d b into 9 equal parts, and with one foot of the 
compasses in b and the distances b 10, b 20, &c. transfer them to the right 
line b d, which will be a Line of Chords. 

Divide the quadrant a d into 8 equal parts, and with one foot of the 
compasses in a, and the distance a 1, a 2, &c. transfer them to the right 
line a d, and it will be a Line of Rhumbs, containing eight points of the 
compass. 

From the points 10, 20, 30, &c. in the arch b d, draw lines parallel to 
d c, which will divide the radius c b into a Line oF Sines, reckoning from 
c to b, or of versed Sines, if it be numbered from b to c; which may be 
continued to 180, if the same divisions be transferred to the line c a, the 
other half of the diameter. 

From the centre c draw right lines through the several divisions of the 
quadrant d b, until they cut the line b e, which will become a Line of 
Tangents.* 

Transfer the distances between the centre c and the divisions on the 
line of tangents, to the line d f, and these will give the divisions of the 
Line of Secants, which must be numbered from d towards f. 

From a draw right lines through the several divisions of the arch b d, 
and they will divide the radius c d into a Line of Semi-tangents, which 
are to be marked with the corresponding figures of the arch d b. 

Divide the radius a c into 6 equal parts; through each of these draw 
lines parallel to cd, intersecting the arch a d ; then, with one foot of die 
compasses in a, and the distances of the arch a 50, a 40, &c. transfer 
these to the right line a d, and it will give the divisions of the Line of 
Longitude. 

If this line be laid upon the scale close to the line of chords, so that 60 on 
the line of longitude be opposite o on the chords, and any degree of latitude 
be counted on the chords, there will stand opposite to it, on the line of 
longitude, the miles contained in one degree of longitude in that latitude; 
the measure of a degree at the Equator being 60 miles. 

* From the construction of the lines of chords, sines, and tangents, it is obvious that the 
chord of 00°, the sine of 90°, and the tangent of 45°, are all equal to the radius of the circle. 
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In the figure the divisions are given only to every tenth degree, and 
each point of the compass, which is sufficient to explain the method of 
Construction; but in Figure 4, these lines are graduated to degrees, and 
the rhumbs to quarters, and placed parallel, as exhibited on one side of a 
flat rule, whieh, with the scale of equal parts on the other side, constitutes 
the instrument called a Plane Scale. 

Besides the lines already mentioned, there are frequently on the Plane 
Scale a line of leagues, and a few other lines, which are only so many 
scales of equal parts, each having the equal divisions of different lengths, 
for the more readily laying down lines and figures of different lengths and 
magnitudes. 

PROBLEM XH. 


X 




To make an Angle that shall contain any proposed Number 
of Degrees . 

Case 1st. When the given angle is right, 
that is, contains 90 degrees. r 

Draw the line a b, and from the scale take the 
extent of the chord of 60 degrees in the com¬ 
passes ; then set one foot of the compasses in a, 
and with the other describe the arch e d, and set 
off thereon, from e to d, the distance of the chord 
of 90°; through a and d draw the right line a c, 
then will the angle b a c be a right angle. By this 
method a perpendicular may easily be raised on a 
given line, since the angle formed by one line that 
is perpendicular to another, is always a right angle. 

Case 2d. When the angle is to be acute; 
suppose one that shall contain 48 degrees. 

Draw the line a b, and with one foot of the 
compasses in a (the chord of 60 degrees being 
taken as before), draw the arch e d, on which set 
off 48 degrees from e to d; through a and d 
draw the right line a c ; then will the angle bac 
be made, containing 48 degrees, as was required. 

Case 3d. When the angle is to be 
obtuse; suppose one that shall contain 
126° 30'. 

Draw ab, and from the point a, 
with the chord of 60°, as before, draw 
the arch d e, and, as the divisions on 
the scale extend no further than 90°, 
first set off 90° from e to f ; then set 
off the remainder, or excess above 90°, 
that is, 36° 30', from f to d ; through 
a and d draw the line ac, and the 
angle bac will contain 126° 30'. 




j__B 



26 


DESCRIPTION AND DSB OF GUNTER'S SCALES. 

PROBLEM XIII. 

To measure a given Angle bac. 

With one foot of the compasses in the angular point, and with the chord 
of 60 degrees, describe the arch d e (see die Figures in Problem XII.) 
cutting the legs in d and e ; then the distance d e applied to the line of 
chords, from the beginning, will shew the measure of tne angle bac, if it 
contain less than 90 degrees; but when the arch exceeds that quantity, 
take 90 degrees from the line of chords, and set it off from e to f ; then 
measure the excess d f, and their sum will give the measure of the angle 
required. 

The construction of triangles will be explained in Trigonometry; but 
before the learner begin that subject, we would recommend him, if he 
have time, to study die use of Gunter’s Scales and the Sector, as these 
instruments will afford him easy, elegant, and concise methods of resolving 
triangles. 


DESCRIPTION AND USE OF GUNTER S 
SCALES. 

OF THE COMMON GUNTER. 

This instrument is a flat rule, usually two feet in length, and about an 
inch and a half broad, having on one side equal parts, rhumbs, chords, &c. 
as on the Plane Scale; and on the other the logarithms of these numbers: 
hence the lines on this side are called logarithmic lines. They were 
invented by Mr. Edmund Gunter, who applied the logarithms of numbers, 
and of sines and tangents, to strait lines, by taking the lengths expressed 
by the figures in those logarithms from a scale of equal parts, and applying 
them to fines, as laid down on the Rule. 

On the logarithmic side of the common Gunter are the eight following 
lines: 

1. A Line of Sine Rhumbs , marked s. r., which contains the logarithms 
of the natural sines of every point and quarter point of the compass, 
numbered from the left hand towards the right, with 1, 2, 3, 4, 5, 6, 7, 
where a brass pin is fixed. 

2. A Line of Tangent Rhumbs, marked t. r., corresponding to the 
logarithms of the tangent of every point and quarter point of the compass* 
This line is numbered 1, 2, 3, 4, from left to right, and back again with 
5, 6, 7, from the right towards the left. To take off any number of points 
below 4, we must reckon from the 1 towards the right hand; but any 
number of points above 4 we count towards the left hand. 

8. A Line of Numbers , marked num., on which most of the others 
depend, contains the logarithms of numbers, and is figured from the left 
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hand of die scale towards the right to 1 or 10, near the middle of the scale; 
these divisions are subdivided into ten unequal parts, and these again into 
ten, five, or two parts, as room will permit: the whole of these divisions 
and subdivisions are repeated from the middle towards the right hand, 
being exactly of the same lengths, but ten times the value of the corre¬ 
sponding numbers in the first part. 

If the 1 at the beginning of die line represent 1 unit, the next primary 
division, marked 8, will represent 8 units, and the middle 1 will be 10, the 
following 8 will be 80, the 3 will stand for 30, and so on, the 10 at the 
right hand representing 100. If the left hand 1 stands for 10, then the 8 
wul stand for 80, the 3 for 30, the middle 1 for 100, the following 8 for 
800, and the 10 on the right hand for 1000; in like manner, if the first 
1 be esteemed 1 tenth, the next following 8 will be 8 tenths, the middle 1 
will be 1 unit, the next 8 will be 8 units, and the 10 at the end will be 10 
unite. Again, if the first 1 be counted 1 hundredth part, the next 8 will 
be 8 hundredth parts, the middle 1 will stand for 10 nundredth parts, or 
1 tenth, the next 8 for 8 tenths, and the 10 at the end will stand for 
1 unit, or whole number. 

It is manifest that the value of the subdivisions must depend on that of 
the primary divisions; for, suppose the first 1 at the left hand be reckoned 
for 1 unit, then the first following principal subdivision will be 1 tenth, the 
second 8 tenths, and so on to the next primary division, which will represent 
8 units; reckoning on in the same manner till you come to the middle 1, 
which will represent 10, then the next following principal subdivision will 
be 11, the next 18, where a brass pin is fixed; the next primary division 
80, and so on to 100: and in the same way will the smaller subdivisions 
be valued. 


As this line is of great importance, we shall add a few examples, to render 
what has been said the more clear. Suppose the point representing 85 be 
required:—the primary division 8 on either half is to be reckoned for 80; 
then counting forwards to the right, to the fifth principal subdivision, that 
point will represent 85, or 850, or 8500, &c. Again, let the point 
representing 146 be required. Here the 1 at the beginning, or in the 
middle, may be esteemed 100, the fourth principal subdivision on the right 
will then be 140, and because the interval between 140 and 150 is divided 
into 5 parts, ^ each will be valued as 8; therefore, counting forwards 3 of 
these latter subdivisions, that point will represent 146. 

Once more; suppose the place of 1785 be required:—the one at the 
beginning or middle is to be taken as 1000, the seventh following principal 
subdivision will be 1700; the fourth following smaller subdivision will be 
1780, and the fourth part of the next smaller subdivision will be the point 
representing 1785. 

4. A Line of Sines , marked sin., beginning at the left hand, and 
numbered towards the right at each degree as far as 10, and then at each 
10th degree to 90: the subdivisions under 10 degrees are usually 10 
minutes; from 10 to 80 each is a quarter of a degree; from 80 to 40 each 
is half a degree; from 40 to 80 each is 1 degree; and from 80 to 90 
each is 5 degrees. 
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5. A Line of Versed Sines, marked v. s.: it is numbered from the right 
towards the left, at each 10th degree as far as 160; the subdivisions from 
20 to 90 are usually each two degrees; from 90 to 140 one degree; and 
from 140 to the end half a degree. 

6. A Line of Tangents , marked tan. : it is numbered from the left 
hand towards the right as far as 45 degrees, which is equal to radius, or 
the sine of 90 degrees; and, since the log. tangent of an arch above 45 
degrees is the arithmetical complement of the tangent of an arch as much 
less than 45 degrees, the same division represents 40 or 50 degrees, SO and 
60, and so on; for if the line of tangents were continued beyond 45 on the 
right, the divisions would be exactly the same length, only reversing the 
order: therefore, instead of such continuation, it is more convenient to 
reckon the degrees above 45 backwards, or from right to left, observing at 
the same time that the degrees above 45 are to be supposed, when using 
the line, increasing towards the right hand, as in the other parts of the line. 

The subdivisions on this line are nearly the same as on the line of sines; 
indeed these, as well as the other lines, are variously subdivided on different 
scales, according to the accuracy and goodness of the instrument. 

7. A Line of Meridional Parts , marked Mer., reckoned from right to 
left, each larger division representing 10 degrees, and the smaller each 
1 degree, or 60 meridional miles. 

8. A Line of equal Parts , marked e. p., numbered from right to left, 
each large division representing 10 degrees of the equator, or 600 miles. 
The first of these divisions is sometimes divided into 10 equal parts, each 
representing a degree, or 60 miles, and these again into halves or quarters 
of 30 or 15 miles each. 

USE OF THE LINE OF NUMBERS. 

Multiplication is performed on this line by extending the compasses 
from 1 to either of the factors*, and that extent will reach from the other 
factor to the product. 

Suppose, for example, it were required to find the product of 16 multi¬ 
plied by 5: set one foot of the compasses in 1, and the other in 5, then 
that extent will reach from 16 to 80, the product required. 

When the product contains four figures, the fourth cannot be well 
ascertained by the scale, but it may be easily found by multiplying the unit 
figures of the factors, and the unit figure of their product will be that of 
the product required. For example, suppose it were required to find the 
product of 22 by 16; the extent from 1 to 16 will reach from 22 to about 
350, but as the divisions are too small to distinguish the last figure, there¬ 
fore multiply 2 by 6, which will give the product 12; hence the product 
required is 352. 

Division being the reverse of Multiplication, extend from the divisor to 1, 
and that extent will reach from the dividend to the quotient. 


* The factors are numbers multiplied, of which one is called the multiplier, and the other 
the multiplicand. 




DESCRIPTION AND USE OF GUNTER^ SCALES. 


Example—Divide 80 by 5. Extend from 5 to 1, and that extent will 
leach from 80 to 1 6, the quotient required. 

To reduce a Vulgar Fraction to a Decimal, extend from the denominator 
to the numerator, and that extent will reach from 1 to the decimal fraction 
required. 

Example—Required the decimal fraction equal to f. Extend from 4 
to 8, and that extent will reach the same way from 1 to .75, the decimal 
required. 

To perform the Rule of Three—State the question so that the first and 
third terms may be of the same name ; then the fourth term will be of the 
same name with the second, and greater or less than the second, as the 
third is greater or less than the first; then extend the compasses from the 
first to the third term, and that extent will reach from the second to the 
fourth term. 

Example—If a ship sail at the rate of 26 miles in 3 hours, how many 
miles will she sail in 24 hours P 

Here, as 3 hours is to 26 miles, so is 24 hours to the answer; therefore, 
extend from 3 to 24, and that extent will reach from 26 to 208, the milep 
required. 

To find the area, or superficial content of a square, or rectangle, extend 
from 1 to the breadth, and that extent will reach from the length to the 
superficial content. 

Example—Suppose a board or plank measure 18 inches broad, and 25 
feet in length, required the superficial content. 

Extend from 1 to 1.5, (= 1 foot 6 inches), and that extent will reach 
from 25 feet to 37.5, or 37 feet 6 inches, the contents required. 

To find the solid contents of a bale, box, chest, &c. or any other 
rectangular solid, extend from 1 to the breadth, and that extent will reach 
from the length to a fourth number; then extend from 1 to the depth* 
and that extent will reach from the fourth number to die solid contents. 

Example—Required the solid contents of a box measuring 3 feet broad, 
5.5 feet long, and 2 feet in depth. 

Extend from 1 to 3, and that extent will reach from 5. 5 to 16. 5; then 
extend from 1 to 2, and that extent will reach from 16.5 to 83 feet, the 
solid contents. 

USE OF THE LINES OF SINES AND TANGENTS. 

These lines are used with the line of numbers in working proportions in 
Trigonometry, by the Rule above, as will be fully exemplified when we 
treat on that subject. 

USE OF THE LINE OF VERSED SINE& 

This line is used with the line of sines in resolving a spherical triangle 
▼hen the three sides are given to find the angles, or the three angles, to find 
the sides, as will be explamed in the methods of working an azimuth. 
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USE OF THE LINES OF MERIDIONAL AND EQUAL PARTS. 

These lines are always used together, and only in Mercator's Sailing, or 
in constructing a Mercator's Chart. When the meridional parts answering 
to a given latitude are required, they are found by taking the extent from the 
beginning of the line of meridional parts to the given latitude: this extent 
being applied to the line of equal parts will give, in degrees, the meridional 
parts required. Or, if the meridional difference of latitude between two 
places be wanted, the extent from one latitude to the other on the line of 
meridional parts will give, when applied to the line of equal parts, the 
meridional difference of latitude in degrees, which are to be reduced to 
miles. 


OF THE SLIDING GUNTER. 

This instrument is nearly of the same dimensions as the common 
Gunter, but consists of three pieces of wood; the extreme pieces being 
connected by thin plates of brass at each end, and the third made to slide in 
grooves between them. The lines on this scale are constructed and 
graduated as on the Plane Scale and common Gunter: we shall therefore only 
remark here, that there are two lines of numbers, sines, and tangents—one 
on the fixed part of the scale, and the other on the slide—and that there is 
likewise a third line of numbers on the slide opposite a line of sine rhumbs. 

USE OF THE LINE OF NUMBERS. 

To perform Multiplication by these lines, set 1 on the sliding line to one 
of the factors on the fixed line; then opposite the other factor on the slide 
will be found the product on the fixed line. 

Example—To find the product of 16 multiplied by 5, draw out the slide 
until 1, on its line of numbers, coincide with 5 on the fixed line; then 
opposite 16 on the sliding line, will be 80 on the fixed line. 

Division is performed by drawing out the slide until the divisor on its line 
coincide with the dividend on the fixed line; then opposite to 1 on the 
sliding line will be the quotient on the fixed line. 

Example—To divide 124 by 4, set 4 on the sliding line to coincide with 
124 on the fixed line; then opposite to 1 on the slide will be 31 on the fixed 
line, which is the ^quotient required. 

To work the Rule of Three, let the question be stated so that the first 
and third terms may be of the same name, then the fourth term will con¬ 
sequently be of the same name with the second, and greater or less than 
the second, as the third is greater or less than the first Now, set the first 
term on the sliding line opposite to the third term on the fixed line, and the 
fourth term will be found on the fixed line, opposite to the third term on the 
sliding line. 

Examples—If 3 yards of cloth cost 21 shillings, what will be the value 
of 27 yards P Now, as 3 yards : 21 shs. :: 27 yds. : the answer; therefore 
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set S on the sliding line of numbers to 27 on the fixed line, then opposite to 
21 on the sliding line will be found 189 on the fixed line, die fourth term or 
number of shillings required, equal to i?9. 9s. Again, suppose a ship sail 
170mile8 in 24 hours, at what rate is that per hour? As 24 hrs. : 170 
miles :: 1 hour : the answer. Set 24 on the sliding line of numbers to 1 
on the fixed line; then opposite to 170 on the sliding line is 7 t\j on the fixed 
line, the miles and parts that the ship sails per hour. 


DESCRIPTION AND USE OF THE SECTOR. 


This instrument is formed of two equal rules or legs, moveable about 
a centre or joint, on the faces of which are drawn several lines or scales, 
some proceeding from the centre, called sectoral lines, and others 
parallel to the edge of the rules, similar to those laid down upon a common 
Gunter. 

The sectoral lines are drawn twice on the same face of the instrument, 
that is, once on each leg; those on one face are, 1. Two scales of equal 
parts, marked Lin. or L.; each of these scales, from the great extensiveness 
of its use, is called the Line of Lines. 2. Two lines of chords, marked 
Cho. or C. 3. Two lines of secants marked Sec. or S. 4. Two lines of 
polygons, marked Pol. —Upon the other face the sectoral lines are, 
1. Two lines of sines, marked Sin. or S. 2. Two lines of tangents, marked 
Tan. or T. 3. Between the lines of tangents and sines, two other lines of 
tangents, marked £, to a less radius, to supply the defect of the former, and 
extending from 45 to about 75 degrees. 

The lines of chords, sines, tangents, and secants, are constructed upon 
the same principle as those on the Plane Scale, making the length of the line 
of chords the radius of the circle. (See Geom. Prob. XI.) 

Each pair of the sectoral lines (except the line of polygons) are numbered 
from the centre, and so disposed as to make equal angles at the centre, 
consequently at whatever distance the Sector be opened, the angles will 
always be respectively equal; that is, the distance between 10 and 10 on 
the fines of lines will be equal to 60 and 60 on the lines of chords, 90 and 90 
on the lines of sines, and 45 and 45 on the lines of tangents. 

The other lines on the Sector being for the most part such as are usually 
drawn upon the Gunter’s Scale, which have already been described, it will 
be unnecessary here to enumerate them; we shall therefore only observe 
that the logarithmic lines, being placed partly on one leg, and partly on the 
other, are to be used with the legs fully opened. 

The use of the sectoral lines is founded on a property of similar triangles, 
namely, that their corresponding sides are proportional. Let c b, c a, 
(Pig. 5, Plate I.) represent a pair of sectoral lmes, forming the angle acb; 
divide them each into any number of equal parts, as ten for instance, and 
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draw lines to the corresponding numbers on each line, as from £ to 2,4 to 4, 
&c. These lines will form a series of triangles, as c 2 2, c 4 4, &c. all 
similar to the triangle cab; therefore it will be,asc2istocA,8ois22to 
10 10, or a b ; and asc2isto22, so is c a to a b, and so on for the other 
corresponding lines. 

Hence also if the lines c a, c b, represent the lines of chords, sines, 
tangents, or secants; and if c a be the radius, and the line c 2 the chord, 
sine, tangent, or secant, of any proposed number of degrees; then the line 
2 2 will be the chord, sine, &c. of the same number of degrees to the 
radius a b. 

We shall now proceed to explain some of the most important uses to 
which the sectoral lines may be applied; previous to which it will be 
necessary to observe, that in all operations the distances are to be taken with 
a pair of compasses from the innermost of the three lines which bound the 
divisions, that being the line proceeding from the centre: it is likewise to be 
understood, that the measure taken from the centre to any part of a sectoral 
line, is called a lateral distance , and that the measure taken from any point 
in one line to its corresponding point in a line of the same name, is called a 
transverse , or parallel distance . 

USE OF THE LINE8 OF LINES. 

1. To divide a given line into any number of equal parts: for example 
suppose 9- Take the length of the given line in the compasses, and make 
it a transverse distance from 9 to 9, the number of parts proposed; then will 
the transverse distance of 1 and 1 be one of the equal parts, or the 9th part 
of the whole; and the transverse distance of 2 and 2 will be 2 of the equal 
parts, or g of the whole line, and so on. 

Note .—When the line to be divided is too long to be applied to the 
legs of the Sector, take some aliquot part of it, as the half, the third, &c. 
and double or triple the lengths of the transverse distances taken from the 
Sector. 

2. To divide a given line into any number of parts that shall be in any 
assigned proportion; as, suppose three parts, in the proportion of 2,3, and 4. 
Make the given line a transverse distance to 9, the sum of the proposed 
numbers 2,3i 4 4 then the transverse distances of these numbers severally 
will be the parts required. 

3. To find a fourth proportional to three given lines or numbers; as, 
suppose to. 8, 4, and 6. Take the lateral distance of 4 in the compasses, 
and make it the transverse distance of 8; then the transverse distance of 6, 
extended from the centre, will reach to the fourth proportional 3. If a ship 
sail 36 miles in 4 hours, what distance will she rail in 7 hours ? Open the 
Sector till the transverse distance of 4 and 4 be equal to the lateral distance 
36; then the transverse distance of 7 laid off from the centre will give 63, 
the fourth proportional. 

Suppose three lines ab,cd, and e f, given to find a fourth proportional. 
Take the length of the line a b in the compasses, and placing one foot in the 
centre, mark what point or division the other foot falls on: open the Sector 
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till the parallel distance between that point and the corresponcBng one on 
the other leg is equal to the line c d ; then e f taken in the compasses and 
laid off as a lateral distance, the corresponding transverse distance will be 
the length of the line required. 

Let it be required to reduce a chart drawn on a scale of 5 inches to a 
degree, to a scale of 3 inches to a degree. Make the transverse distance 
from 5 to 5 equal to the lateral distance of 3; the legs of the Sector being 
kept at this angular position, any measure taken from the chart being laia 
off as a lateral distance, the corresponding transverse distance will be the 
measure to be laid down upon the reducea chart. 

4. Having a line containing any given number of equal parts , to find 
the length of a line containing any other number of the same parts . 

Suppose a chart to be drawn on a scale of 5 miles to 3 inches; required 
the length of any other number of miles upon the same scale. Make the 
transverse distance of 5 and 5 equal to 3 inches; the legs of the Sector 
being kept at this angular position, the transverse distance of any other 
number, within the limits of the SectoT, will be the length of the number 
of miles required. 

5. Having the number of parts contained in any given line 9 to find 
the number of the same parts contained in another line . 

Suppose the length of one side of a triangle measure 30, what are the 
measures of the other sides ? Take the length of the given side in the 
compasses, and apply it transversely from 30 to 30; to this opening of the 
Sector apply the length of the other sides transversely, so that the points 
may fall upon corresponding divisions, and these will shew the measure of 
the sides required. 


USE OF THE LINES OF CHORDS. 

1 . To protract or lay down an angle of any given number of degrees . 
At any opening of the Sector take the transverse distance of 60°, with 
which extent describe an arch; then take the transverse distance of the 
proposed number of degrees, and apply it to that arch: through the 
extremities of this distance on the arch, draw two lines from the centre, 
and they will form the angle required. When the angle exceeds 60°, lay 
it off at twice or thrice. 

In this manner any number of degrees may be laid off on the circum¬ 
ference of a given circle, making the transverse distance of 60° equal to the 
radius of the circle. 

2 . To measure any given angle . With any radius describe an arch 
from the angular point, and set that radius transversely from 60 to 60; 
then take the length of the intercepted arch in the compasses, and apply it 
transversely to the line of chords, so that the points of the compasses may 
fall upon corresponding divisions, and they will shew the measure of the 
given angle. 

F 
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USE OF THE LINES OF SINES, TANGENTS, AND SECANTS. 

]. Having the length of the radium of a circle , to find the length of 
the chord , sine, or tangent of any arch of that circle . Suppose the 
chord, sine, or tangent of 30 degrees to a radius of 2 inches be required: 
open the Sector till the transverse distance of 60 and 60 on the lines of 
chords be equal to 2 inches; then will the same extent reach from 45 to 45 
on the lines of tangents, and from 90 to 90 on the lines of sines, so that to 
whatever radius the lines of chords are set, to the same are all the others 
set. In this angular position of the legs, therefore, if the transverse 
distance between 30 and 30 be taken on the lines of chords, sines, or 
tangents, with the compasses, it will give the length of the chord, sine, 
or tangent of 30 degrees, to the radius of 2 inches. When the required 
chord is above 60°, or the tangent above 45°, as suppose 70 degrees, 
proceed thus: for the chord take the transverse distance of half the 
arch, viz. 35 degrees, on the line of sines, the double of which gives 
the length of the chord of 70 degrees. To find the tangent of 70 
degrees to the same radius, make tne transverse distance from 45 to 45, 
on the upper lines of tangents, equal to 2 inches; then the extent 
between 70 and 70 on the same lines will be the length of the tangent 
required. 

2. Having the radius of a circle , to find the secant of any arch of that 
circle: as again, suppose of 20 or 70 degrees, to a radius of 2 inches; 
make 2 inches the transverse distance between 0 and 0 on the lines of 
secants; then will the transverse distance of 20 and 20, or 70 and 70, 
give the secant of 20 or 70 degrees. 

3. The radius of a circle , and any line representing a sine , tangent , 
or secant of an arch of that circle being given , to find the degrees and 
parts corresponding to that line . Open the Sector to the given radius, 
according as a sine, tangent, or secant is concerned, then, taking the given 
line in the compasses, apply the legs transversely till they tall on the 
corresponding divisions of the proper line, and these will point out the 
degrees and parts required. 

In this manner the angles of a right-angled triangle may be estimated, 
by considering one side as the radius of a circle, and one of the other sides 
as representing the sine, tangent, or secant of the required angle. 

The sectoral lines are likewise useful in working proportions in Trigo¬ 
nometry : suppose, for example, the hypothenuse or a triangle measures 
56, and the angle opposite the perpendicular 32 degrees; to find the 
perpendicular, the proportion will be, as radius, or sine of 90 9 is to the 
nypothenuse 56, so is sine of the angle opposite the perpendicular 32° to 
the perpendicular; therefore make the transverse distance of 90 and 90 on 
the lines of sines equal to the lateral distance 56 on the lines of lines; then 
the transverse distance of 32° on the line of sines, applied as a lateral 
distance to the lines of lines, will give 29- 5 for the length of the perpen¬ 
dicular required. 
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PLANE TRIGONOMETRY. 


PLANE TRIGONOMETRY is that branch of Geometry which 
teaches to compute the sides and angles of plane triangles ; it is divided 
into right-angled and oblique-angled Trigonometry, according as it is 
applied to the mensuration of right or oblique-anglea triangles. 


RIGHT-ANGLED TRIGONOMETRY. 


DEFINITIONS AND PRINCIPLES. 

1. Every triangle consists of six parts; namely, three sides and three 
angles. 

% The sum of the three angles of every plane triangle is eaual to two 
right angles, or 180 degrees; hence, if one of the angles be known, the 
sum of the other two may be found by subtracting the given angle from 
180 degrees : also, if two of the angles be known, their sum, subtracted 
from 180 degrees, will give the third angle: again, in a right-angled 
triangle (the right angle containing 90 degrees), the sum of the two acute 
angles is equal to 90 degrees: therefore, if one of the acute angles be 
riven, the other will be found by subtracting the given angle from 90 

3. Any two sides of a triangle added together are greater than the third 
side. 

4. The greatest side of a triangle is opposite the greatest angle, and the 
least side opposite the least angle; also, m the same triangle, equal sides 
are opposite to equal angles. 

5. Two triangles are said to be similar when all 
the angles of the one are respectively equal to all the 
angles of the other; as for instance, the triangle 
a b c is simila r to the triangle dek, because the 
angles a, b, and c, are respectively equal to the 
angles d, e, and f. 

6. The rides of similar triangles, opposite to equal 
angles, are propprtional ; thus in the triangles abc 
and def, asABistoDE, soisACtoDF, and so 
ubc to ef. Or as 4 : 8 : : 5 : 10 :: 3 : 6. 
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7. Similar arches of unequal circles are such as contain the same number 
of degrees, &c. of their respective circles. 

8. The sines, tangents, and secants of similar 
arches are proportional to the radii of the circles; 
thus, supposing the arch d b, of the circle dbgf, 
to be similar to the arch l n, of the circle l n o i, 
then d e is to l m, ab to h n, and c a to k h, as 
cb or cd is to kn or kl ; that is, the sine, tangent 
and secant of one arch is to the sine, tangent, and 
secant of the other, as the radius of one circle is to 
the radius of the other. 

Hence, if the radius of a circle be divided into a 
certain number of equal parts, and the length of the 
sine, tangent, or secant of any angle in such parts 
be given, the length of the sine, tangent, or secant 
of the same angle to any other radius may be 
found. s .... 

.6 

9. The lengths of the sine, tangent, and secant for every degree and 
minute of the quadrant, whose radius is 1, being calculated and arranged in 
a table, is called a Trigonometrical Canon : and the logarithms of these 
lengths are called logarithmic or artificial sines, tangents, and secants; as 
in Table XXV. of this Work. 

From these Principles are deduced the following 

RULES 

For computing the Sides and Angles of right-angled Triangles . 

In every right-angled triangle there must be two parts given, besides 
the right angle, to find the other three; and one of these parts at least 
must be a side, because the angles will only give the proportion, not the 
absolute length of the sides. 

In every right-angled triangle one of the sides must be considered as 
representing the radius of a circle; then, 

1. If the Hypothenuse be made radius, the perpendicular and base will 
each be the sine of its opposite angle. 

2. If the Base be made radius, the perpendicular will be the tangent 
of its opposite angle, and the hypothenuse tne secant of the same angle. 

8. If the Perpendicular be made radius, the base will be the tangent of 
its opposite angle, and the hypothenuse the secant of the same angle; die 
sine, tangent, or secant of one angle being, in each case, the co. sine, 
co. tangent, or co. secant of the other. 
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Thus, if in the triangles abc, the hypothenuse a c be considered as 
radius of a circle, then it is evident the perpendicular b c will be the sine 
of the angle a, and the base a b the sine of the angle c ; if the base a b 
be made radius, then the perpendicular b c will be the tangent of the angle a, 
and the hypothenuse a c the secant of angle a ; if the perpendicular b c 
be made radius, then the base a b will be the tangent of the angle c, and 
the hypothenuse the secant of angle c 

Since the acute angles a and c contain together 90 degrees, they are the 
complements of each other; therefore the sine, tangent, and secant of 
angle a is the co. sine, co. tangent, and co. secant of angle c; and the 
sine, &c. of angle c is the co. sine, &c. of angle a. (See Definition 
XXXIV. Geom.) 

To find a Side. 

Consider any one of the sides as representing the radius of a circle, and 
write upon it the word radius; then upon the other sides write the parts 
they represent according to the preceding Rules, which call the names of 
the sides; then say, 

As the name of the given side 
Is to the given side. 

So is the name of the side required 
To the side required. 

To find an Angle. 

Consider one of the given sides as representing the radius of a circle, 
and write upon it the word radius; and upon the other sides write the 
parts they represent according to the preceding Rules; then say, 

As the side representing radius 

Is to radius, 

So is the other given side 

To the sine, tangent, or secant of the angle by it represented. 

Having raised the canons, or proportions, they may be worked by the 
common Rule of Three, taking the lengths of the sines, tangents, or 
secants of the angles, to Radius 1, from the proper Table; but as logarithms 
considerably abbreviate the calculation, by performing Multiplication by 
Addition, and Division by Subtraction, it is more usual to take out the 
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logarithms of the three given terms (the logarithm of radius being 10.00000); 
then, adding the logarithms of the second and third terms together, and 
from their sum subtracting the logarithm of the first term, the remainder 
will be the logarithm of the fourth term, which being found in the proper 
Table, the number, or the degrees and minutes corresponding to it, will 
give the required side or angle. 

Note. The logarithms for sides are to be taken from Table XXIV., and 
for the sines, tangents, or secants of angles, from Table XXV. 

We shall now proceed to exemplify the above Rules by the following 
Cases, which we shall resolve by three different methods: vix. by Geometrical 
Construction, by Logarithmic Calculation and by Gunter's Scale. 


CASE I. 


The Angles and the Hypothenuse given , to Jind the Base and the 
Perpendicular. 

Example. Given the hypothenuse a c, 370 miles, (or any other measure 
of length), the apgle a 56° 3tf, and consequently die angle c 33° SO'; 
required tne base a b and perpendicular b c. 


BY CONSTRUCTION. 

Draw the line a b of any length, and make 
the angle at a 56° 30' (Problem XII. Geome¬ 
try) ; from a to c lay off 370, the length of the 
hypothenuse, taken from any convenient scale 
of equal parts, and from the point c let fall the 
perpendicular c b (Prob. III. Geom.); then 
abc is the triangle required: the base ab, 
measured on the same scale of equal parts by 
which the hypothenuse was measured, will be 
204.2, and the perpendicular b c 308. 5. 


c 



BY CALCULATION. 


Making the hypothenuse radius, a b will be the sine of angle c, and 
c b the sine of angle a ; then, 


To Jind the Base a b. 

As radius 10.00000 

Is to hypoth. ac 370 2. 56820 

So is sine ang. c 33° 9. 74189 


12.31009 

10.00000 


To the base ab 204.2 2.31009 


To Jind the Perpendicular B c. 

As radius 10.00000 

Is to hypoth. ac 370 2.56820 

So is sine ang. a 56° 30 / 9.92111 

12.48931 

10.00000 

To the perpend, bc 308.5 2. 48931 
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Making the base radius, b c will be the tangent, and a c the secant 
of angle a; then 


Tojind the Base. 

1 Tojind the Perpendicular . 

As seo. of ang. a 50° 30' 

10.25811 

As sec. of ang. a 56° 30 

10.25811 

Is to hypoth. a c 370 

2.56820 

Is to hypoth. ac 370 

2.56820 

So is radius 

10.00000 

So is tan. of ang. a 50° 30' 

10 .17922 


12.56820 


12.74742 


10.25811 


10.25811 

To the base ab 204.2 

2.31009 

To the perpend, bc 308.5 

2.48931 

Making the perpendicular radius, . 

a b will be the tangent, and a c the 


secant, of angle c; then, 


To Jind the Base. 1 

To Jind the Perpendicular. 

As sec. of ang. c 33° 30 

10.07889 

As sec. of ang. c 33° 30 

10.07889 

Is to hypoth. ac 370 

2.56820 

Is to hypoth. a c 370 

2.56820 

So is tan. ang. c 33° 30' 

9.82078 

So is radius 

10.00000 


12.38898 


12.56820 


10.07889 


10.07889 

To the base ab 204. 2 

2.31009 

To the perpend, b c 308.5 

2.48931 


BY GUNTER’S SCALE.* 

1st Extend the compasses from radiusf, or 90°, to angle c 33° 3O' on 
the line of sines, and that extent will reach from the hypothenuse 370 to 
204.2, the measure of the base, on the line of numbers 

2dly. Extend the compasses from radius, or 90°, to angle a 56° 30' on 
the line of sines, and that extent will reach from the hypothenuse 370 to 
808.5, the measure of the perpendicular, on the line of numbers. 


* In working the several Cases by Gunter's Scale, we shall always suppose the hypothenuse 
radius, where it can be done, being the most simple of the three. 

t Radius, on Gunter’s Scale, is either 8 points on the line of sine rhumbs, 4 points on the 
Hue of tangent rhumbs, 90 degrees on the line of sines, or 45 degrees on the line of tangents. 
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CASE II. 

The Angle* and one of the Leg* given , to find the Hypothenuse 
and the other Leg. 

Example. Given the base a b 625, and the angle a 48° 45', to find 
the hypothenuse a c, and the perpendicular b c. 


9 (f OO 
Ang. a 48 45 


BY CONSTRUCTION. 

Draw the base a b, which make equal to 
625, taken from a scale of equal parts; and 
upon b erect the perpendicular b c (Prob. II. 
or XII. Geom.); make the angle a equal to Ang. c 41 
48° 45' (Prob. XII. Geom.), and draw the 
hypothenuse a c to cut the perpendicular b c 
in the point c; then a c, measured on the 
same scale of equal parts that a b was, will be 
947.9, and bc 712.7. 



BY CALCULATION. 

Making the hypothenuse radius, a b will be the sine of angle c, and c b 
the sine of angle a ; then, 

To find the Hypothenuse. To find the Perpendicular 


As sine of ang. c 41° 15' 
Is to the base ab 625 

So is radius 

9.81911 
2.79588 
10.00000 

As sine of ang. c 41° 15' 
Is to the base ab 625 

So is sine of ang. a 48° 45* 

9.81911 

2.79588 

9.87612 


12. 79588 
9.81911 


12.67200 

9.81911 

To the hypoth. a c 947.9 

2.97677 

To the perpend, b c 712. 7 

2.85289 


Making the base radius, b c will be the tangent, and a c the secant, 
of angle a ; then, 


To find the Hypothenuse . 


To find the Perpendicular . 


As radius 

10.00000 

As radius 

10.00000 

Is to the base a b 625 

2.79588 

Is to the base a b 625 

2.79688 

So is the sec. of ang. a48°45' 

10.18089 

So is tan. of ang. a 48° 45' 

10.05701 


12.97677 


12.85289 


10.00000 


10.00006 

To the hypoth. a c 947* 9 

2.97677 

To the perpend, bc 710 . 7 

2.85289 
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Making the perpendicular radius, ▲ b will be tangent, and a c secant, of 

angle c; then, 

To find the Hypothenuse .. To find the Perpendicular . 

As tang, of ang. c 41° 15' 9.94299 As tang, of ang. c 41° 15' 9.94299 


Is to the base ab 025 2.79588 Is to the base ab 025 2.79588 

So is sec. of ang. o 41° 15' 10.12387 So is radius 10.00009 

12.91975 12.79588 

9.94299 9.94299 


Toththypofch. ac 947.9 2.97676 To the perpend, b c 712.7 2.85289 

BY GUNTER’S SCALE. 

1st Extend the compasses from angle c 41° 15' to radius, or 90° on the 
line of sines, and that extent will reach from the base 625 to the hypothenuse 
947- 9 on the line of numbers. 

2dly. Extend the compasses from angle c 41° 15' to angle a 48° 45' on 
the line of sines, and that extent will reach from the base 625 to the perpen¬ 
dicular 712. 7 on the line of numbers. 

CASE III. 

The Hypothenuse and one Leg given , to find the Angles 
and the other Leg . 

Example. Given the hypothenuse a c 400, and the base b a 286; 
required the angles a and c, and the perpendicular b c. 

BY CONSTRUCTION. 

Draw the base b a, which make equal to 236; 
upon b erect the perpendicular b c, (Prob. II. 
or XII. Geom.), and taking the distance 400 in 
the compasses, place one foot in a, and let the 
other foot cross b c in c, and draw the line a c ; 
then will the perpendicular b c measure 328, the 
e c 36° 9*, and the angle a 53 d 51' (Prob. 

XIII. Geom.) 
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BY CALCULATION. 

Making the hypothenuse radius, b a will be the sine of angle c, and b c 
the sine of angle a; then, 


To find the Angles 


As the hypoth. Ac 400 

Is to radius 

So is the base ba 236 

2.60206 
10.00000 
2.37291 


12.37291 

2.60206 

To sine of ang. c 36° O' 
90 0 

Angle a 53 51 

9.77085 



To find the Perpendicular. 

As radius 10.00000 

Is to the hypoth. a o 400 2. 00206 

So is sine of ang. a53° 51' 9.90713 


12.50919 

10.00000 


To the perpend, b c 323 2.50919 


Making the base radius, b c will be the tangent, and a c the secant, of 

angle a ; then, 


To find the Angles . 

As the base ba 236 2.37291 

Is to radius 10.00000 

So is the hypoth. 400 2.60206 


To find the Perpendicular. 

As radius 10.00000 

Is to the base b a 236 2.37291 

So is tan. of ang. a 53° 51' 10.13635 


12.60206 

2.37291 


12.50926 

10.00000 


To sec. of ang. a 53° 51' 
90 00 


10.22915 


To the perpend, b c 323 2.50926 


Angle o 36 9 


BY GUNTER’S SCALE. 

1st Extend from the hypothenuse 400 to the base 286 on the line of 
numbers, and that extent will reach from radius 90° to angle c 86° 9 on 
the line of sines; hence the angle a will be 53° 51'. 

2dly. Extend from radius 90° to angle a 53° 51' on the line of sines, 
and that extent will reach from the hypothenuse 400 to the perpendicular 
828 on the line of numbers. 

Note. The perpendicular may be found, independent of the angles, 
thus: subtract the square of the base from the square of the hypothenuse; 
the square root of the remainder will be the length of the perpendicular 
required. 
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CASE IV. 

The Base and Perpendicular given , to find the Angles and the 
Hypothenuse . 

Example. Given the base b a 85.5, and the perpendicular b c 41.6; 
required the angles a and c, and the hypothenuse a c. 

c 

BY CONSTRUCTION. 

Draw the line b a, and upon b raise the 
perpendicular b c (Prob. II. or XII. Geom.); 
make ba equal to 85.5, and b c equal to 41.6, 
and draw the line a c ; then the hypothenuse t 
a c will measure 54. 7, the angle a 49° 81', 
and die angle c 40°£9' (Prob. XIII. Geom.). 


BY CALCULATION. W.5 


Making the base radius, b c will be the tangent, and a c the 
secant, of angle a. 


Tofind the Angles ;. 1 

To find the Hypothenuse. 

As the base b a 35.5 

1.55023 

1 As radius 

10.00000 

Is to radius 

10.00000 

Is to the base b a 35.5 

1.55023 

So is the perpend, bc 41.6 

1.61909 

So is sec. of ang. a 49°31' 

10.18760 


11.61909 


11.73783 


1.55023 


10.00000 

To tan. of ang. a 49° 31' 

90 00 

10.06886 

To the hypoth. ac 54.08 

1.73783 




Angle c 40 29 





Making the perpendicular radius, b a will be the tangent, and a c the 
secant, of angle c. 


To find the Angles . 1 

1 To find the Hypothenuse . 

As the perpend, bo 41.6 
Is to radius 

1.61909 

As radius 

10.00000 

10.00000 

Is to perpend, b c 41.6 

1.61900 

So is the base b a 35.5 

1.55023 

11.55023 

1.61909 

So is sec. of ang. c 40° 29' 

10.11885 

11.737M 

10.00000 

To tan. of ang. c 40° 29' 
90 00 

Angle a 49 31 

9.93114 

To the hypoth. ac 54.69 

i 

1.73794 
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BT GUNTER’* SCALE. 

1st. Extend the compasses from die base 85.5 to the perpendicular 
41. 6 on the line of numbers, and that extent will reach from raaius 45° to 
angle a 49° 31' on the line of tangents*: hence angle g will be 40° 9$!' 

2dly. Extend the compasses from angle c 40° 29' to radius jW 0 on the 
line of sines, and that extent will reach from the base 35.5 to the hypote¬ 
nuse 54.68 on the line of numbers. 

EXAMPLES FOR EXERCISE. 

1. Given the hypothenuse 108, and the angle opposite the perpendicular 
25° 36'; required the base and perpendicular. 

Answer. The base is 97. 4, and the perpendicular 46.66. 

2. Given the base 96, and its opposite angle 71° 45'; required the per¬ 
pendicular and the hypothenuse. 

Answer. The perpendicular is 31.66, and the hypothenuse 101.1. 

3. Given the perpendicular 360, and its opposite angle 58° 20'; required 
the base and the hypothenuse. 

Answer. The base is 222, and the hypothenuse 423. 

4. Given the base 720, and the hypothenuse 980; required the angles 
and the perpendicular. 

Answer. The angles are 47° 1 7 and 42° 43', and the perpendicular 
664.8. 

5. Given the perpendicular 110.8, and the hypothenuse 176.5; required 
the angles and the base. 

Answer. The angles are 38° 41' and 51° 19 7 , and the base 137- 8 

6. Given the base 360, and the perpendicular 480; required the angles 
and the hypothenuse. 

Answer. The angles are 53° 8' and 36° 52', and the hypothenuse 600. 

7. Given the base 846. 5, and the adjacent angle 35° 24'; required the 
perpendicular and hypothenuse. 

Answer. The perpendicular 246. 2, and the hypothenuse 425.1. 

8. Given the hypothenuse 36.5, and the angle opposite the base 65° 15'; 
required theperpendicular and base. 

Answer. The perpendicular 15. 28, and the base 33.15. 

9* Given the perpendicular 725, and the adjacent angle 21° 36'; required 
the base and hypothenuse. 

Answer. The base 287.1, and the hypothenuse 779- 8. 

10. Given the base 32.76, and the hypothenuse 66.95; required the 
angles and the perpendicular. 

Answer. The angles are 35° T and 54° 53', and the perpendicular 
46. 58. 


• The same point represents both 49° 31' and 40° 29'; but as the third term is more th a n 
the first, the angle a, or fourth term, will consequently be more than 4fi°, which is radius, 
or the second term on the line of tangents. 
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11. Given the perpendicular 98.4, and the hypothenuse 10J8* required 
the angles and the base. 

Answer. The angles are 5° 94' and 84° 2ff, and the base 1009. 

12. Given the base 4567, and the perpendicular 3251; required the 
angles and the hypothenuse. 

Answer. The angles are 35° 27 4 and 54° 83', and the hypothenuse 5606. 


OBLIQUE-ANGLED TRIGONOMETRY. 


RULES 

For computing the Sides and Angles of Oblique-angled Triangles. 

I. When two of the three given Parts are a Side , and its opposite Angle. 

To find a Side. 

As the sine of any given angle 
Is to its opposite side, 

So is the sine of any other given angle 
To its opposite side. 

To find an Angle. 

As any given side 

Is to tne sine of its opposite angle. 

So is any other given side 
To the sine of its opposite angle. 

When the given side, opposite the given angle, is greater than the other 
given side, then the angle opposite that other given side, is always acute; 
but when the given side, opposite the given angle, is less than the other 
given side, then the angle opposite that other given side may be either acute 
or obtuse, which consequently must be determined from the nature of the 
triangle. 

II. When two Sides and the Angle contained between them are given* 

As the sum of the two given sides 
Is to their difference, 

So is the tangent of half the sum of the unknown angles 
To the tangent of half their difference: 

This half difference added to half the sum of the unknown angles, gives 
the greater angle, and subtracted, leaves the less angle. The angles being 
thus all known, die remaining side is to be found by Rule I. 
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III. When the three Sides are given, tofind the Angle*. 

As the base, or greatest side, 

Is to the sum of the other two sides, 

So is the difference of those sides. 

To the difference of the segments made by a perpendictxltr 
let fall from the greatest angle upon the base. 

Then half this difference added to half the sum of the segments—that 
is, half the base—gives the greater segment, and subtracted, gives die less 
segment. Hence the triangle will be divided into two right-angled triangles, 
in each of which there will be given the hypothenuse and the base, to find 
die other angles, which may be done by Rule I., or by those in Right- 
angled Trigonometry. 


CASE L 


The Angles and one Side given, to find the other Sides. 

Example. Given the angle a 36° Iff, the angle b 105° and die 
side a b 58; required the sides a c and b c. 

BY CONSTRUCTION. 


Draw the line a b, and make it 
equal to 53; make the angle bac 
8o° Iff, and the angle abc 105° Sff, 
(Prob. XII. Geom.), and draw the 
lines a c and b c till they meet in c ; 
then ac will measure 82.5, and 
b c 50.62. 


Ang. a 36° 15 7 
Aug. b 105 30 

Sum 


Ang. c 



BY CALCULATION. 


To find the Side a c by Rule I. 

As sine of ang. c 38° 15' 9. 79170 

Is to the side a b 53 1. 72428 

So is sine of ang. b # 105° 30' 9.98391 


11.70819 
9.79176 


To the side ac 82.5 1.91643 


Tofind the Side bo by Rule /. 

As sine of ang. c 38° 15' 9.70176 

Is to the side a b 53 1. 72428 

So is sine of ang. a 30° 15' 9.77181 


11.49609 

9.7917« 

To the side b c 50.62 1.70433 


• For the w>»nwir of finding the log. sine of 105° 30*, see Explanation of Table XXV. 
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BY GUNTER’S SCALE. 

1st. Extend the compasses from the angle c 38° 15' to 74° SO', the 
supplement of angle b, on the line of sines, and that extent will reach from 
the side a b 53 to the side ac 82. 5 on the line of numbers. 

2d. Extend the compasses from the angle c 88° 15' to the angle a 36° 15' 
on the line of sines, and that extent will reach from the side a b 58 to the 
side b c 50. 6 on the line of numbers. 


CASE II. 


Two Sides and an Angle opposite one of them given , to find the other 
Angles and the third Side* 

Example. Given the side a b 886, the side b c 355, and the angle a 
40° 26*; required the angles b and c, and the side a c. 

BY CONSTRUCTION. 

Draw the line a b, which make equal to 386; 
draw ihe line a c so as to make an angle of 
40° 26 f with a b (Prob. XII. Geom.); take the 
length of b c in ihe compasses, and setting one 
foot in b, let the other cut the line a c in c, 
and draw the line bc; then ihe angle b will 
measure 84° 86', the angle c 45° 58' (Prob. 

XIII. Geom.), and the side a c 465.3. 

* A 336 B 

BY CALCULATION. 



To find the Angle c by Ride I. 

As the side b o 855 2.55023 

Is to sine of ang. a 40° 2& 9.88061 
So is theside a b 336 2.52634 


12.40695 

2.55023 


Tosmeof ang. c 45° 58' 9.85672 

Ang. a 49 26 > — 


Sum 95 24 
180 00 


To find the Side ac by Rule 7. 

As sine of ang. a 49° 26' 9.88061 

Is to the side b c 355 2.55023 

So is sine of ang. b 84° 36' 9.99807 


12.54830 

9.88061 


To the side a c 465.3 2.66769 


Ang. b 84 36 


BY GUNTER’S SCALE. 

1st Extend the compasses from the side b c 355 to the side a b 886 on 
die line of numbers, and that extent will reach from angle a 49° 26' to 
angle c 45° 58' on the line of sines; hence the angle b is 84° 86'. 
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2 d. Extend the compasses from the angle a 40° 90 to the angle 
B 84° 80 on the line of sines; and that extent will reach from the ode 
b c 356 to the side a c 465.3 on the line of numbers. 


CASE III. 

Two Side* and their contained Angle given , to find the other Angles 
and the third Side . 

Example. Given the side a b 85, the side ac 47, and the angle 
a 52° 4ff: required the angles c and b, and the side b c. 

BY CONSTRUCTION. 


Draw the line a b, and make it 
equal to 85; at a make the angle 
b a c 52 9 4ff (Prob. XII. Geom.); 
from a to c lay off 47, and draw 
the line b c ; then a b c is the tri¬ 
angle required; the angle b will 
measure 33° 29', the angle c 98° 51' 
(Prob. XIII. Geom.), and the side 
b c 67.7. 



BY CALCULATION. 


Side a b 85 
8 ide ao 47 

Snm 132 

Diff. 38 


To find the Angles by Rule II. 

As the sum of the sides a b, a c, 1$2 
Is to their difference 38 

So is tang, of half the snm l goo 4 /y 
of angles b and o J 


180° Off 

Angle a 52 40 To tang, of half their diff. SO 9 11' 


Sum of ang. b&c 127 20 Sum gives the greaterang.c 93 51 


2.19057 

1.57978 

10.30543 


11.88531 

2.12057 

9.76484 


Half sum 


63 40 Diff. gives the less ang. b 33 29 


To find the Side bc by Rule I. 

As sine of ang. b 33° 29 r 9.74170 
Is to the side a c 47 1.67210 
So is sine of angle a 52° 4ff 9.90043 


11.57253 
9.74170 


To the side b c 67* 74 1* 83083 
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Note. This triangle may be solved by letting fall a perpendicular from 
the angle c on the side ab, which will divide it into two right-angled 
triangles; then with the hypothenuse a c and angle a find the perpendicular 
and the base, which base subtracted from the side a b, will leave the base 
of the other triangle; then, with the perpendicular and base find the angle b, 
which added to angle a, and their sum subtracted from ISO 3 , will give 
the angle c, and with one of the angles and its opposite side find the 
fide bc. 


BY GUNTER’S SCALE. 

1st Extend the compasses from the sum of the two sides 132 to their 
difference 38 ; that extent will reach from 45° to a division* (16° 4 # ) on 
the hue of tangents; then, the extent from this division to half the sum of 
the unknown angles 63° 40 7 , will reach from 45° to half their difference 
30° 11' on the line of tangents, by which the angles may be found as 
above. 

2d. Extend from angle b 33° 20 to angle a 52° 40 on the line of sines; 
that extent will reach from the side a c 47 to the side b c 67. 7 on the line 
of numbers. 


CASE IV. 

The three Sides given , to find the Angles . 

Example. Given the side a b 157, the side b c 110, and the side ac 88, 
to find the angles a. b, and c. 

BY CONSTRUCTION. 

Draw the line ab, which make 
apri to 157; take the length of a c 
88 in the compasses, and with one 
foot on a describe the arch c; then, 
rith the length of c b 110 in the 
compasses, and one foot in b, de¬ 
scribe an arch cutting the former in 
c > to which draw the lines a c and 
bc; then abc is the triangle re- 
<pnred; the angle a will measure 
*2° 44 / , the angle b 82P 53', and the 
angle c 104°23 / (Prob. XI11. Geom.) 



, * The necessity of noting this division arises from the line of tangents being read off from 
to left above 46°, instead of being reckoned on towards the right; hence, in this case 
point of the compasses falling without the Rule, the distance between this division and 
4ff gives die extent above 45°, which being applied to 45° bade wards, falls upon- the 
division it would if the line were continued to the right. 

U 
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Side AO 88 
SideBC 110 

Snm 108 

Difference 22 


BY CALCULATION. 


ToJind the Segments ad, db, by Rule III . 

As the base or greatest side a b, 157 
Is to the sum of the sides ao, bc, 198 
So is the diff. of the sides ac, bc, 22 


To the diff. of the segments ad, d b 27.74 

Half the diff. of the segments 13. 87 
Half their sum, or of the base ab 78.5 


Sum gives the greater segment db 92.37 
Diff. gives the less segment ad 64.63 

To Jind the Angles by Rule 7. 


As the side a c 88 1.94448 

Is to radius, or sine 90° 10.00000 

So is the segment a d 64.63 1.81043 


11.81043 
1.94448 


As the side bc 110 
Is to radius, or sine 90° 


2.19590 
2.29666 
1.34242 

3.63908 
2.19590 

1.44318 


2.04139 

10.00000 


So is the segment d b 92.37 1- 96553 


11.96553 
2.04139 

To sine of ang. bcd 57° 7' 9. 92414 
90 00 


To sine of ang. acd 47° 16 7 9.86595 
90 0Q 

- Ang. acd 47°16 7 —- 

Angle cad 42 44 Ang. bcd 57 7 Ang. cbd 32 53 


Sum gives Angle acb 104 23 


BY GUNTER’S SCALE. 

1 st. Extend the compasses from the base 157 to the sum of the two 
sides 198 on the line of numbers; that extent will reach from the difference 
of the sides 22, to the difference of the segments 27. 7; hence the segments 
will be found as above. 

2d. Extend the compasses from the side a c 88, to the lesser segment 
a d 64. 6 on the line of numbers; that extent will reach from 90 p to the 
angle acd 47° 16' on the line of sines; hence the angle c a d is 42? 44 / . 

3 d. Extend the compasses from the side c b 110 to the greater segment 
92. 4; that extent will reach from 90° to the angle dcb 57° T on the 
line of sines; hence the angle c b d is 32° 53' 
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EXAMPLES FOE EXERCISE. 

1. Given one side 129, an adjacent angle 56° 30^ and the opposite angle 
81° 36': required the third angle and the remaining sides. 

Answer. The third angle is 41° 54 / , and the remaining sides are 108. 7 
and 87.08. 

2. Given one side 96.5, another side 59* 7, and the angle opposite the 
latter side 31° SO': required the remaining angles and the third side. 

Answer. This question is ambiguous, the given side opposite the given 
angle being less than the other given side (see Rule I.); hence, if the 
angle opposite the side 96. 5 be acute, it will be 57° 38', the remaining 
angle 90° 52', and the third side 114.2; but if die angle opposite the 
side 96.5 be obtuse, it will be 122° 22', the remaining angle 26° 8', and 
the third side 50. 32. 

8. Given, one side 110, another side 102, and the contained angle 
113° S6 7 : required the remaining angles and the third side. 

Answer. * The remaining angles are 34° 37' and 31° 47', and the third 
side is 177. 5. 

4. Given the three sides respectively, 120.6, 125.5, and 146.7: required 
the angles. 

Answer. The angles are 51° 53', 54° 58', and 73° 9'. 

5. Given one side 684. 5, another side 496. 7, and the angle opposite 
the latter side 40° 58': required the remaining angles and the third side. 

Answer. If the angle opposite the former side be acute, the remaining 
angles will be 64° 37' and 74° 25', and the third side 729. 8; but if obtuse, 
the angles -will be 115° 23' and 23° 39' and the third side 303. 9. 

6. Given one side 117. 8, another side 96. 55, and the contained angle 
67° 30': required the remaining angles and the third side. 

Answer. The remaining angles are 64° 41' and 47° 49', and the third 
side 120. 4. 

7. Given the three sides 87. 6, 66. 2, and 41.3: required the angles. 

Answer. The angles are 25° 24', 46° 20 / , and 108° 16'. 

8. Given one side 80, an adjacent angle 40°, and the sum of the other 
sides 130: required the remaining angles and the other sides. 

Answer. The remaining angles are 66° 22, and 73° 38', and the sides 
53.6 and 76.4. 

9. Given one side 564, its opposite angle 56° 30 , and the sum of the 
other sides 1046 (one of the adjacent angles being obtuse) : required the 
remaining angles and the other sides. 

Answer. The remaining angles are 90° 22' and 33° 8', and the sides 676.3 
and 369. 7. 

10. Given one side 36. 5, the opposite angle 15° 30 , and the difference 
of the other sides 18: required the remaining angles and the other sides. 

Answer. The remaining angles are 111° 30' and 53° O', and the sides 127.1 
and 109.1. 

h 2 
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GEOGRAPHY. 


GEOGRAPHY is a description of the figure, magnitude, and positions 
of the several parts of the surface of the earth. 

OF THE FIOURE AND MAGNITUDE OF THE EARTH. 

Various opinions were entertained by the ancients respecting the figure 
of the earth. Some imagined it an immense plane surrounded by an 
impassable ocean; others, that it was cylindrical; and some that it was a 
sphere or globe: which last opinion is now ascertained to be nearly the 
truth. The most obvious of the several arguments which prove the 
sphericity of the earth, and what must particularly strike evenr mariner, 
are, that when approaching the shores of countries, the points of nigh rocks, 
lighthouses, steeples of churches, and other thin but lofty objects, come 
into view much sooner than houses or other buildings of greater magnitude, 
but less height; in like manner, when ships are approaching each other at 
sea, the masts and rigging are discerned some time before the hull and lower 
parts of the vessel, though much larger, come to view. Again, seamen, it 
is well known, frequently discover distant lands from the tops of a ships 
masts, long before they are visible to those who stand upon deck. These 
circumstances prove that the surface of the earth is convex; and as the 
same appearances happen wherever the observer is situated, this convexity 
must be uniform: hence we conclude that the earth is globular. The 
sphericity of the earth is likewise demonstrated by navigators who have 
sailed quite round it, by constantly going westward, and arriving home 
from the eastward, which could not be effected were the earth a plane: 
thus Ferdinand Magellan, setting out on the west side of Spain, continued 
shaping his course westward till he returned home on the south-eastern 
side of Spain; and thus also have Drake, Dampier, Cook, and others, 
circumnavigated the earth; and when, in addition to these facts, it is 
recollected that all the rules of Navigation are conformable to the opinion 
of the earth being nearly globular, ana that these rules never lead the mariner 
into material error, these well-known circumstances, without adducing others 
(though others equally or more forcible might be adduced), must sufficiently 
establish the belief, in the mind of every impartial and competent judge, 
that the earth deviates but very little in its form from that of a sphere. 

Supposing the earth to be in the exact form of a sphere, any section of 
it made by a plane passing through its centre would be a circle, the cir¬ 
cumference of whicn being conceived to be divided into 360 equal parts, 
called degrees, and the length of one of these measured, the whole circum¬ 
ference, and thence the diameter, of the earth, may be easily determined. 
For this purpose several mathematicians have undertaken the measurement 
of a degree on a meridian; and from the mean result of their several 
admeasurements, we may conclude that the circumference of the earth is 
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nearly £4869, and its mean diameter 7916, English miles; also that one 
decree contains about 69* 08 English miles, and that a nautical or geogra¬ 
phical mile is equal to 6079 feet. 

On comparison of the several admeasurements of a degree on a meridian, 
it was found they varied in different parts of the earth. This circumstance, 
together with others arising from the principle of gravity, led to the belief 
that its figure was not that of an exact sphere; and, m fact, it has been 
proved that the earth is flatted at the poles, similar to the figure of an 
orange, or rather that its form is that of an oblate spheroid, which is a solid, 
generated by the rotation of a semi-ellipsis about its shorter axis. It has 
likewise been established, that its polar and equatorial diameters are 
respectively 7898 and 7924 English miles, being nearly in the ratio of 304 
to 305; but since its figure differs so little from that of a perfect sphere, it is 
usual, for the ease of calculation, to consider it of that form, which approaches 
sufficiently near the truth for almost all practical purposes, either in 
Navigation or Astronomy. 


OF THE NATURAL DIVISIONS OF THE EARTH. 

The constituent parts of the earth are land and water : these naturally 
divide its surface into various portions, which have received the following 
particular terms, according to their size, shape, and situation. 

A Continent is a large tract of land comprehending several empires, 
kingdoms, or countries, not separated by any sea or ocean, as the Continents 
of Europe, Asia, Africa, and America. 

An Island is a portion of land entirely surrounded by water, as Great 
Britain and Ireland. 

A Peninsula is a part of land nearly encompassed with water, except 
where it is joined to a continent by a narrow neck or point of land; as the 
Morea in tne Mediterranean Sea. 

An Isthmus is the narrow neck of land joining a peninsula to the adjacent 
land, and forms a communication between them; as the Isthmus of Darien, 
which joins North and South America. 

A Promontory is a high part of land that projects into the sea, and is 
often called a Cape when the land is high; and when it has but little 
elevation, it is more usually distinguished by the name of a Point or 
Head. Thus the Cape of Good Hope is a mountainous promontory; 
and the Lizard, at the entrance to the English Channel, a point or head¬ 
land. 

An Ocean is a vast collection of water, separating continents from each 
other, as the Atlantic and Pacific Oceans. 

A Sea is a smaller collection of water, communicating with some adjacent 
ocean, and confined by land within a narrower space; as the Mediterranean 
and Baltic Seas. This term is sometimes used in a general sense for the 
whole body of salt water on the terraqueous globe. 



GEOGRAPHY. 


54 


A Gulp is a part of the sea or ocean nearly surrounded by land, except 
where it immediately communicates with the sea; as the Gulf of Venice, 
in the Mediterranean; the Gulfs of Finland and Bothnia, in the Baltic Sea. 

A Bay is such a gulf or inlet as does not run very deep into the land; as 
the Bay of Biscay, between the shores of France and Spain, and the Bay of 
Bengal, in the East Indies. Bays of a smaller description are frequently 
denominated Creeks, Havens, or Roads, though the last term is usually 
applied to places upon any coast where there is anchorage, and a certain 
degree of protection and shelter from winds. 

A Strait is a narrow passage by which there is a communication between 
a gulf and the adjacent sea, or which joins one part of a sea or ocean with 
another; as the Strait of Gibraltar, wnich joins the Mediterranean Sea to 
the Atlantic Ocean. 

A Lake is a collection of water in an inland part, and, strictly considered, 
has no communication with the sea; as the Lake of Geneva. But this is 
not always attended to, for many of the loughs, or lakes, in Ireland and 
Scotland, and those in North America, as Lake Superior, Ontario, &c. are 
an exception. 

OF THE IMAGINARY DIVISIONS OF THE EARTH. 

In order to point out the exact relative situation of places on the surface 
of the terraqueous globe, geographers are obliged to imagine certain points, 
lines, and circles belonging thereto, of which such as will more immediately 
enter under our consideration, we shall here explain. 

The Axis is an imaginary line passing through the centre of the earth. 
The extremities of this line are called the Poles : that which is nearest to 
us is called the North Pole , and its opposite the South Pole . The earth 
revolves round the axis, from west to east, in 24 hours, which causes the 
vicissitude of day and night. 

The Equator is a great circle on the earth equally distant from the 
Poles. It divides the earth into two equal parts, called Hemispheres; 
that having the North Pole in its centre, is called the Northern Hemisphere; 
and the other the Southern Hemisphere. 

Meridians are imaginary circles on the earth passing through both the 
Poles, crossing the equator at right angles, and dividing the globe into two 
parts, called th e Eastern and Western Hemispheres; or rather, the meridian 
of a place is a semicircle passing through the place, and terminating at the 
Poles, the remaining half being called the opposite Meridian; hence eveiy 
north and south line is part of a meridian. 

It is usual for geographers to fix upon a meridian passing through some 
remarkable place, and to call it the first Meridian: thus, the British esteem 
that the first meridian which passes through the Royal Observatory * l 
Greenwich; so the French reckon, for their first meridian, that which passes 
through the Royal Observatory at Paris; the Spaniards that which passes 
through Cadiz, and some geographers the meridian of Teneriffe. Hence it 
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appears the fixing of a first meridian is entirely arbitrary, most nations con¬ 
sidering that the first meridian which passes through their capital, or prin¬ 
cipal observatory. 

The Horizon is that apparent circle which limits or bounds the view of 
a spectator on the sea, or on an extended plane, the eye being always sup¬ 
posed in the centre of the horizon. This circle is divided into 32 parts, 
called points, for a description of which see Mariner's Compass. 

The earth is sometimes divided by certain circles, parallel to the equator, 
into portions, called Zones; these are distinguished into two frigid, two 
temperate, and one torrid, in allusion to the general state of the air, with 
respect to heat and cold, which prevails in each of the situations. 

The Frigid Zones are those regions about the Poles where the sun at 
certain times of the year does not rise or set for some days; they extend 
round the Poles as far as 23° 28': the imaginary circle which bounds this 
limit in our northern hemisphere is called the Arctic Polar Circle , and that 
portion of the globe included within it, the North Frigid Zone . The circle 
which is at the same distance from the South Pole, in the southern hemi¬ 
sphere, is called the Antarctic Polar Circle , and the space between it and 
the Pole is termed the South Frigid Zone . 

The Temperate Zones are those portions of the earth comprehended 
between the Polar Circles, and two parallel circles that are 23° 28' distant 
from the equator: of these parallels, that in the northern hemisphere is 
called the Tropic of Cancer; and the other, in the southern hemisphere, 
the Tropic of Capricorn . 

The Torrid Zone is the space included between the two tropics, over 
every part of which the sun is vertical at some time of the year. 

Besides these divisions into zones, the ancients divided the earth into 
Climates, which are spaces contained between two parallels, where the 
difference in the longest day in each parallel is half an hour, as far as the 
Polar circles; and beyond that, where they differ by a month. They likewise 
distinguished the inhabitants by different names, according to the diversity 
of shadows of upright bodies at noon, and their relative situation with regard 
to each other; but these vague expressions, intended to give some general 
idea of the situation of different countries, have at length given way to the 
more precise terms of latitude and longitude. 


OF LATITUDE AND LONGITUDE. 

The Latitude of a place is its distance from the equator, measured by 
an arch of a meridian contained between the equator and the given place : 
Jt is called either north or south, according as the given place is situated 
m the northern or southern hemisphere. Latitude is therefore reckoned 
from the equator towards the Poles, and never exceeds 90 degrees, that 
being the distance of the Poles from the equator. Hence a ship in north 
latitude sailing northerly, or in south latitude sailing southerly, increases 
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her latitude; but in north latitude sailing southerly, or in south latitude 
sailing northerly, she decreases her latitude. 

The Parallel of Latitude of any place is a circle passing through 
that place parallel to the equator. 

The Difference of Latitude between any two places is an arch of a 
meridian, contained between the parallels of latitude of those places. 

The Longitude of a place is an arch of the equator comprehended 
between the first meridian and that meridian which passes through the 
given place. It is usual to reckon longitude from the first meridian, 
either east or west, according as the given place lies in the eastern or 
western hemispheres, until it meet at the opposite meridian: therefore 
the longitude of a place cannot exceed 180 degrees, or a semicircle. 
A ship in east longitude sailing easterly, or in west longitude sailing 
westerly, increases her longitude; but in east longitude sailing westerly, or 
in west longitude sailing easterly, she decreases her longitude. 

The Difference of Longitude between two places is an arch of the 
equator intercepted between the meridians of those places, and cannot 
exceed 180 degrees. 


PROBLEM I. 


To find the difference of Latitude between two Places . 

Rule. When the latitudes are both of the same name, that is, both north 
or both south, subtract the less from the greater, and the remainder will be 
the difference of latitude; but when one is north, and the other south, their 
sum will be the difference of latitude. 


Example I. What is the difference 
of latitude between the Lizard and 
Gape Finisterre ? 

Latitude of the Lizard ... 49° 58' N. 
Lat. of Cape Finisterre... 42 56 N. 


Diff. of latitude. 7 2 

60 

In miles . 422 


Example II. A ship from latitude 
Silo'S, arrives to latitude 2?26'N.: 
required the difference of latitude made 


good. 

Latitude left. 3? 10'S. 

Latitude in . 2 26 N. 

Diff. of latitude . 5 36 

60 

In miles.336 


PROBLEM II. 

With the Latitude left , and the difference of Latitude , to find the 

Latitude in . 


Rule. When the latitude left, and difference of latitude, are of the same 
name, their sum gives the latitude in; but when they are of contrary names, 
their difference is the latitude in, of the same name with the greater. 
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Example I. A ship from the West 
end of the Island of Madeira, in lati¬ 
tude 32°4^ N., sails North 520 miles*: 
what latitude is she in ? 

Latitude of Madeira. 32° 4£y N. 

Diff. of latitude 520 or... 8 40 N. 


Latitude in. 41 29 N. 


Example II. A ship thm days ago 
was in latitude 2° 48' N., and has 
since then sailed South 426 miles: 
required her present latitude. 


Latitude left . 2° 48' N. 

Diff. of latitude 426 or... 7 6 S. 

Latitude in. 4 18 8. 


PROBLEM III. 

To find the Difference of Longitude between two Places. 

Rule. If the longitudes of the given places be both east or both west, 
subtract the less from the greater; but if one be east, and the other west, 
add them together, and the sum or remainder will be the difference of 
longitude. When the sum of the two longitudes exceed 180 degrees, 
subtract it from 360 degrees, and the remainder will be the difference of 


Example I. What is the difference 
of longitude between the Lizard and 
St Mary *8, one of the Western Islands? 

Longitude of the Lizard 5° 11'W. 
Longitude of St. Mary’s 25 13 W. 

Diff. of longitude... 20 2 

In miles . 1202 


Example II. A ship sailing West¬ 
ward from North Cape, New Zealand, 
arrives at longitude 164° 47' E.: re¬ 
quired the diff. of longitude made good. 


Long, of North Cape ... 173° lO'W. 
Long, of ship . 164 47 E. 

Sum. 337 57 

360 0 

Diff.of longitude... 22 3 

60 

In miles . 1323 


PROBLEM IV. 

With the Longitude lefty and Difference of Longitudey to find 
the Longitude in. 

Rule. If the longitude left, and difference of longitude, be of contrary 
names, subtract the less from the greater, and the remainder will be the 
longitude in, of the same name with the greater; but if the longitude left, 
and difference of longitude, be of the same name, their sum will be the 
longitude in, of the same name with the longitude left: if this sum exceed 
18(P, subtract it from 360 p , and the remainder will be the longitude in, of a 
contrary name to the longitude left. 

* When the difference of latitude or longitude is given in miles, it is to be divided by 60 , 
to redooe it to degrees and minutes. 


I 
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GEOGRAPHY. 


Example I. Suppose a ship from 
St. Helena sail eastward till her differ¬ 
ence of longitude be220 miles: required 
her longitude in. 

Long, of St. Helena . 5° 45' W. 

Diff. of longitude 220 or... 3 40 E. 

Longitude in . 2 5 W. 


Example II. If a ship from longi¬ 
tude 170° 49' W. sail westward till 
her difference of longitude be 10° 14' 
W., what is her present longitude ? 

Longitude left . 173 d 49'W. 

Diff. of longitude . 10 14 W. 


Sum . 187 3 

360 0 


Longitude in .. 172 57 E. 


EXAMPLES FOR EXERCISE. 

1. Required the difference of latitude and longitude between Ushant 
Island and Cape Ortegal. 

Answer. Diff. of latitude 281 miles; diff. of longitude 168 miles. 

2. What is the difference of latitude and longitude between the Cape of 
Good Hope and Cape Horn. 

Answer. Diff. of latitude 1297 miles; diff. of longitude 5145 miles.. 

S. Required the difference of latitude and longitude between Cape Verde 
(paps) and Cape St. Roque. 

Answer. Diff. of latitude 1211 miles; diff*. of longitude 1066 miles. 

4. Required the difference of latitude and longitude between Port 
Jackson, in New South Wales, and Karakakoa Bay in Owhyheeor Hawaii, 
one of the Sandwich Islands. 

Answer. Diff. of latitude 3199 miles; diff. of longitude 3160 miles. 

5. A ship from Funchal, in Madeira, sails in the S. E. quarter until her 
difference of latitude is 326 miles, and difference of longitude 425 miles: 
required her present latitude and longitude. 

Answer. Latitude 27° 12' N.; longitude 9° 51' W. 

6. A ship from latitude 2? 56' S., and longitude 5° 14' E., sails north¬ 
westerly till her difference of latitude is 352 miles, and difference of longitude 
628 miles: required her present latitude and longitude. 

Answer. Latitude 2P 56' N.; longitude 5° 14'W. 

7. A ship from the Equator, and longitude 89° 17' E., sails south-west¬ 
erly till her difference of latitude is 370 miles, and difference of longitude 
118 miles: required her present latitude and longitude. 

Answer. Latitude 6° 10' S.; longitude 87° 19' E. 

8. A ship from Cape East, in New Zealand, sails in the N. E. quarter 
till her difference of latitude is 114 miles, and difference of longitude 
297 miles: required her present latitude and longitude. 

Answer. Latitude 35° 51' S., and longitude 176° 27' W. 

Note. The latitudes and longitudes of the given places are to be taken 
from Table LV. 
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inscription an& Bsfe of the 
LOG, HALF-MINUTE GLASS, AND COMPASS. 


THE instruments used for estimating a ship's path or track at sea, are 
the log, half-minute glass, and compass. 

OF THE LOG AND HALF-MINUTE GLASS. 

The common Log is a flat piece of wood in the form of a quadrant, with 
a sufficient quantity of lead fixed to the circular edge to keep it steady, and 
in a perpendicular position on the surface of the water. To this is fastened 
a line about 120 fathoms long, called the Log Line, which is divided into 
spaces called Knots, and wound on a reel, from which it runs off freely 
when used.* 

The Half-minute Glass is of the same shape with an hour-glass, 
and contains such a quantity of sand as will run through the hole in its 
neck in half-a-minute of time. 

The use of these instruments is to ascertain the velocity of a ship, or at 
what rate she sails, by an operation called heaving the logy which is per¬ 
formed in the following manner:—The reel being held by one man, and the 
half-minute glass by another, the officer of the watch throws the log over 
the ship's quarter on the lee side, which swimming perpendicularly, remains 
stationary; and when he observes the first mark is going over the ship's 
side, which is usually a red rag at the distance of 10 or 12 fathoms from 
the log (that quantity, called stray line , being allowed, in order to carry 
the log out of the eddy of the ship's wake), he gives notice to the man who 
holds the glass, to turn it; and as soon as the sand in the glass is run out, 
the line is immediately stopped; then, the number of knots and fathoms 
which had run off at the expiration of the glass, being considered as miles 
and parts, gives the distance the ship has run the preceding hour, if the 
wind has been constant: but if the gale has not been the same during the 
whole hour, or time between heaving the log, or if there has been more 

* Several machines have been invented for measuring the distance run by a ship in a given 
time; but the best of these is Massey's Patent Log . This machine consists of two parts : 
the Register , containing a system of wheel-work connected with the finders of three several 
indexes; and the Rotator , which is a hollow cylinder, made air-tight, with four vanes placed 
on it obliquely, and fastened by a cord, about six feet in length, to one end of the register. 
To a loop-hole at the other end of the register is secured another line, of sufficient length 
(30 to 50 fathoms) to keep the machine beyond the eddy of the ship’s wake, which line is 
fast to the vessel. 

When the log is used, all the fingers of the indexes are set at 0, and both register and 
rotator committed to the water ; as the vessel moves forward the log follows, and from the 
the vanes, it is evident the rotator must revolve quicker or slower, correspondent 
to the snip’s^ velocity. This rotatory motion is communicated by the cord to the wheel-work 
connected with the fingers of the indexes, by which means the actual space passed through 
the*2o^n5 °nt. This log has been in use several years, particularly in 
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sail set or handed, there must be an allowance made for it, according to the 
discretion of the officer. Sometimes, when the ship is before the wind, and 
* a great sea setting after her, it will bring home the log; in such cases it 
is customary to allow one mile in ten, and less in proportion if the sea 
be not so great; a proper allowance ought also to be made if there be a 
head sea. In heaving the log, great care should be taken to veer out the 
line as fast as the log takes it; for if the log be left to turn the reel itself, 
it will come home, and give an erroneous distance. 

When the ship is sailing several knots an hour, sometimes quarter- 
minute glasses are used, in which case the knots and fathoms run off the 
reel are to be doubled, to give the hourly rate. 

In ships of war and East Indiamen, it is usual to heave the log once 
every hour; but in merchant ships only once every two hours. 

The length of the log-line between each knot ought to be 61 feet nearly, 
that being the same part of a nautical mile that half-a-minute is of an 
hour*, via. 120th part; but as the log is apt to be drawn after the vessel, 
and as it is safer to have the reckoning rather before than after the ship, 
50 feet have been thought sufficient space between the knots, each of which 
contains 10 fathoms of 5 feet. Indeed it is usual to allow only 48 feet to a 
knot, that is, 8 fathoms of 6 feet each, and sometimes a less quantity, with 
which a glass is used running 28 seconds; but whatever may be the assigned 
length of the intervals between the knots, it is most convenient to divide 
them decimally, or into ten equal parts, by which the computation of the 
ship's run will be rendered more easy and accurate. 

But both the log-line and half-minute glass are frequently affected by 
alterations in the heat or moisture of the weather; it therefore becomes 
necessary often to examine them, and if found erroneous, to correct the 
ship's run. The length of line between the knots may be easily ascertained 
by measuring them with a rule: and the half-minute glass may be examined 
either by a watch with seconds, or if that be not at hand, by the follow¬ 
ing metnod<—fasten a plummet to a line, and hang it on a nail, observing 
that the distance between the nail and the middle of the plummet be 39i 
inches; then swing the plummet, and notice how often it passes under 
the nail while the glass is running out, and that will be the number of seconds 
measured by the glass. 

The following rules for correcting the ship's run, on account of the errors 
in the log-line or half-minute glass, are given on a supposition that the knot 
ought to measure 50 feet, and the glass to run 30 seconds. 

CASE I. 

When the Log-line is truly divided , and the Glass faulty. 

Rule. Multiply the distance given by the log by 80; divide the 
product by the seconds run by the glass, and the quotient will be the true 
distance. 

• The length of e nautical mile is about 6079 English feet (see page 58): this divided by 
120, gives 50 feet 8 inches for the length of a knot. 
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Example L If a ship sail 8 knots 
by the log, while the glass is running 
out, which when measured, is found to 
run 34 seconds, what is her true rate 
of sailing? 

Distance by log 8 knots. 

30 

34)240(7 knots. 

238 

2 


Example II. Suppose the distance 
sailed by the log be y5 miles, and the 
glass run out in 27 seconds, what is 
the true distance run ? 

Distance by log 75 miles. 

30 

27)2250(83.3 true distance 
216 sailed. 

90 

81 

90 

81 

9, &c. 


CASE II. 

When the Glass is true , and the Log4ine faulty. 

Rule. Multiply the distance sailed by twice the measured length of a 
knot; then point on two figures to the right, and the remainder wifi be the 
true distance. 


Example L A ship sails 9 knots in 
half-a-minute, by a log measuring 
52 feet; required her true rate of sail¬ 
ing. 

Distance by log. 9 knots. 

Twice the length of a knot 104 

True rate . 9.36 knots, 

or 9 knots 4 fathoms nearly. 


Example II. If a ship sail 195 miles 
by a log which measures 48 feet, what 
is her true distance run ? 

Distance by log. 195 miles. 

Twice the length of a knot 96 

1170 

1755 


True distance.187* 20 miles. 


CASE III. 

When the Glass and Log-line are both faulty . 

Rule. Multiply the distance sailed by the log, by six times the 
measured length of a knot, and divide the product by the seconds run by 
the glass; the quotient, pointing off one figure to the right, will be the 
true distance. 
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Example I. If a ship run 5 knots 
of a log-line of 45 feet to a knot, while 
a glass of 25 seconds is running out, 
what is her true rate of sailing ? 

Distance run by log . 5 

6 times the length of a knot ^X6=270 

Seconds run by a glass ... 25) 135.0 

True rate of sailing . 5.4 

or 5 knots 4 fathoms. - 


Example II. Suppose the distance 
sailed by the log be 150 miles, the 
measured length of a knot being 51 feet, 
and the glass running 28 seconds: re¬ 
quired the true distance run. 

Distance by log . 150 miles 

6 times length of a knot , 306 

28)4590.0 

True distance run . 163.9 miles. 


To find the Length of a Knot corresponding to a Glass running 
any given Number of Seconds . 


Rule. Add a cipher to the number of seconds run by the glass, and 
divide this by 6; the quotient will be the proportional length of a knot 
in feet. 


Example I. What ought to be the 
length of a knot when the glass runs 
33 seconds ? 

6)330 
55 feet. 


Example II. Required the length 
of a knot corresponding to a glass that 
runs 28 seconds. 

6)280 

46. 67 or 46 feet 8 in. 


OF THE MARINER'S COMPASS. 

This instrument is an artificial representation of the horizon of any place. 

It consists of a circular card, divided into 32 equal parts, by lines drawn 
from the centre to the circumference, called Rhumb Lines, the extremities 
of which are termed Points or Rhumbs : the intervals are subdivided into 
halves and quarters, called Half Points and Quarteb Points; the 
whole circumference is likewise divided into 360 degrees, consequently the 
angle comprehended between any two rhumbs is equal to 11 degrees 
15 minutes. The four principal points are called the Cardinal Points, 
two of which, opposite each other, are called the North and South Points: 
that which is on the right hand, when we look towards the north, is termed ( 
the East, and its opposite the West Point; the names of the other points 
are compounded of tnese, according to their situation, but instead of the 
words, the initials only are inserted, as exhibited in Plate III., where there 
is also a Table, containing the measure of the angles that each point, and 

S uarter point, makes with the north and south, or meridian line. Under 
lie card, along the north and south line, a small bar of steel is fixed, called 
the Needle, which being magnetized, or touched with a loadstone, acquiree 







Hate III. 
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the peculiar property of pointing north and south*, and consequently by the 
card determines the direction of the other points of the horizon. The 
needle, having a small socket in the centre, is supported, together with the 
card, on the point of a fine steel pin, on which it freely turns, and by the 
above-mentioned property its points keep always in the same direction: 
these are confined in a circular brass box with a glass cover, the box being 
hung in brass hoops or gimbals, in order to counteract the motion of the 
ship. The whole of these are placed in a square wooden box with a move- 
able lid, which serves to support the gimbals, and secure the compass from 
accident in removals. 

The compass is used to point out the direction that a ship sails at sea. 
For this purpose, it is to be so placed in the ship that the middle section of 
the wooden box, parallel to its sides, may be parallel to the middle section 
of the ship along its keel. When it is thus fixed, that point of the card which 
coincides with a perpendicular line, marked in the inside of the circular 
box, and termed by seamen Lubber’s Point, will shew the direction of the 
ship’s head. 

The courses and distances which a ship sails in 24 hours are usually 
set down on a board, called the Log Board, which will be further explained 
hereafter. 


PLANE sailing. 


PLANE SAILING is the art of navigating a ship upon principles 
deduced from the supposition of the earth being an extended plane. On 
this supposition, the meridians are considered as being all parallel to each 
other, the parallels of latitude at right angles to the meridians, and the 
length of a degree on the meridian, equator, and parallels of latitude, every 
where equal. In this sailing there are four principal parts, viz. the Course, 
Distance, Difference of Latitude, and Departure. 

The Course is the angle which a ship’s track or path makes with the 
meridian, and is expressed either in points or degrees. Thus, when a 
ship sails in a north-east direction, we say her course is 4 points, or 
46 degrees. 

The Distance is the number of miles, &c. between any two places 
reckoned on the rhumb line of the course; or it is the length that a ship 
has sailed on a direct course in a given time. 


* h not strictly true, for the needle deviates more or less from the north and south 
points of the horison, at different places, and at different times; hut as the methods by 
vhich this deviation of the needle is found, depend on astronomical observations, we shall 
<wr entering into a further explanation till we treat on that subject. 
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PLANS SAILING. 


The Difference of Latitude is the distance which a ship has made 
north or south of the place sailed from, and is reckoned on a meridian. 

The Departure is the east or west distance a ship has made from the 
meridian of the place she departed from, and is reckoned on a parallel of 
latitude. 

Hence it is evident that if a ship sail due north or south, she sails on a 
meridian, makes no departure, and her distance and difference of latitude 
are the same. If a ship sail due Cast or west, she runs on a parallel of latitude, 
makes no difference of latitude, and her departure and distance are the same; 
but when a ship sails in any other direction, she makes both difference of 
latitude and departure, and these, with the distance, form a right-angled 
triangle, the hypothenuse of which is the distance sailed, the perpendicular 
is the difference of latitude, the base the departure, the angle opposite the 
base is the course, and that opposite the perpendicular the complement of 
the course: hence, any two of these parts being given, the rest may be 
found by Plane Trigonometry. 

When a ship’s course is 4 points, or 45 degrees, the difference of latitude 
and departure are equal; when the course is lead than 4 points, or 45 
degrees, the difference of latitude is greater than the departure; when the 
course is more than 4 points, or 45 degrees, the departure is greater than 
the difference of latitude. 

In constructing a figure relating to a ship’s course, let the upper part of 
what the figure is drawn on represent the north, then the lower part will be 
the south, the right hand east, and the left west. 

Draw a north and south line, to represent the meridian of the place the 
ship sailed from; then if the ship’s course be to the southward, mark the 
upper end of the line for the place sailed from; but if the course be north¬ 
ward, mark the lower end for that place. 

Through the point sailed from oraw a line, making a right angle with the 
meridian fine (Prob. XII. Geom.) on the east or west side, according as die 
ship is sailing to the eastward or westward; and that line will represent the 
parallel of the place the ship sailed from. 

When the course is given, it is to be laid off from the meridian on die 
arch described in making the right angle, taken either from the line of chords 
or rhumbs, according as it is given in degrees or points. 

A line drawn from the centre of the quadrant, through the point laid off 
for the course, will represent the distance, which, if given, is to be laid 
thereon, beginning at the point sailed from. A line drawn from the 
extremity of the distance, parallel to the east or west line, will determine die 
difference of latitude and departure. 

If the difference of latitude be given, it is to be laid upon the meridian, 
beginning at the point representing the place the ship left; and a line 
drawn from the extremity of the difference of latitude, parallel to the 
east or west line, till it meet the distance produced, will form the figure. 

If the departure be given, it is to be drawn parallel to the east or west 
line, througn the extremity of the difference ot latitude or distance. 
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CASE I. 

The Courts and Distance given, to find the Difference of 
Latitude and Departure. 

Example. A ship from latitude 48° 40' N., sails N. E. by N. 296 miles: 
required her present latitude, and the departure made good. 

BY CONSTRUCTION. 

Draw the line b o to represent the meridian the 
ship sailed from; with the chord of 6^ in the 
compasses, and one foot in c, describe the arch n e; 
from n to e lay off the chord of 90°, and draw the 
line ce: then will nce represent the N. E. quarter 
of the compass. Take the course three points in 
the compasses from the line of rhumbs, which lay 
off from n towards e, and through the point where 
it cuts the arch draw the line c a, which make equal 
to die distance 296, taken from a scale of equal 
parts; through a draw the line b a parallel to ce 
(Prob. IV. Geom.); then will b a represent the 
departure equal to 164. 4 miles, and c b the differ¬ 
ence of latitude 246 miles. 

BY CALCULATION. 

To find the Departure. To find the Difference of Latitude . 

As radius 10.00000 As radius 10. 00000 

Is to distance 296 2. 47129 Is to distance 296 2. 47129 

So is sine of course 3 pta.* 9. 74474 So is co. sine of course 3 pts. 9.91985 

12.21603 12:39114 

10.00000 10.00000 

To the departure 164.4 2.21603 To the diff. of latitude 246.1 2.39114 

To find the Latitude in. ' 

Latitude left . 48° 40' N. 

Diff. of latitude 246 miles, or 4 6 N. 

Latitude in. 52 46 N. 


* The course being given in points, the logarithm of its sine, Ac. is to be taken from 
Table XXIII. 
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BY INSPECTION.• 

Enter the first Traverse Table, and find the course 3 points at the top, 
and in one of the columns marked dist find the distance 296; then opposite 
to this, in the columns marked lot- and dep., will be the difference of latitude 
246.1, and the departure 164. 4. 

BY GUNTER'S SCALE. 

Extend from radius, or 8 points, to the course 3 points on the line of 
sine rhumbs, marked s. r. ; that extent will reach from the distance 296, to 
the departure 164. 4 on the line of numbers. 

Extend from radius, or 8 points, to the complement of the course 5 points 
on the line of sine rhumbs; that extent will reach from the distance 296, to 
the difference of latitude 246.1 on the line of numbers. 

CASE II. 

The Course and Difference of Latitude given , to find the 
Distance and Departure . 

Example. A ship sails S. E. i E. from St Helena, in latitude 15° 55' S., 
until by observation she is in latitude 18° 49 / S.: required her distance run, 
and departure made good. 

Latitude of St. Helena 15° 55' S. 

Latitude come to . 18 49 S. 


Difference of latitude... 2 54= 174 mfloe - 


BY CONSTRUCTION. 


Draw the meridian line c b, which make 
equal to the difference of latitude 174; from 
c, with the chord of 60°, describe the arch s e, 
on which lay off 90°, and draw the line c b ; 
from s towards e lay off the course 4£ points, 
taken from the line of rhumbs, and through 
the point where it cuts the arch s b draw tne 
line c a ; from b draw the line b a parallel 
to the line c x ; then will the departure b a 
measure 212, and the distance c a 274.3 
miles. 



* Previous to resolving the Cases by this method, it will be necessary for the learner to 
read attentively the Explanation to Tables I. and II., whioh are constructed by this Cass 
for every point, quarter-point, and degree of the compass, to distances not exceeding 900. 
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BY CALCULATION. 


Tojind the Departure . 

As oo. sine of course 41 pts. 9.80236 
Ii todiff. of latitude 174 2.24065 

So is sine of course 4£ pts. 9.88818 


12.12873 
9.80236 


To the departure 212 2.32637 


To find the Distance . 

As co. sine of course 41 pts. 9.80236 
Is to diff. of latitude ly* 2.24055 
So is radius 10.00000 


12.24055 

9.80236 


To the distance 274.3 2.43819 


BY INSPECTION. 


Over die course 4$ points, find the difference of latitude 174 (or the 
nearest to it, which is 178.8) in a lot. column, opposite to which will be 
found die departure 211.8, and the distance 274, in their respective 
columns. 


BY GUNTER’S SCALE. 

Extend from the complement of the course 3£ points, to the course 
4£ points on the line of sine rhumbs; that extent will reach from the 
difference of latitude 174 to the departure 212 on the line of numbers. 

Extend from the complement of the course 3£ points, to radius, or 
8 points, on the line of sine rhumbs; that extent will reach from the 
difference of latitude 174 to the distance 274.8 on the line of numbers. 

CASE III. 

The Course and Departure given , to find the Difference of 
Latitude and Distance 

Example. A ship from latitude 39 16' N., sails S. W. by W. ^ W., 
until she has made 356 miles of departure: required her present latitude, 
and distance sailed. 


BY CONSTRUCTION. 

Draw the meridian line c b, and de¬ 
scribe the quadrant cws to represent 
the S. W. quarter of the compass; from 
s towards w lay off the course 5} points, 
and through tne point where it cuts the 
arch s w draw the line c a ; from c to d 
lay off the departure 356, and through 
p draw the line da parallel to c b, meet¬ 
ing the line c a in a ; through a draw 
the line a b parallel to d c, meeting c b 
in b : then will the difference of latitude 
c b measure 216. 4, and the distance a c 415. 1. 

k 2 


w 
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BY CALCULATION. 


To find the Difference of Latitude. 

| To find the Distance . 

As sine of course 5£ pts. 9. 93335 

As sine of course 5 J pts. 

9.93335 

Is to departure 356 2. 55145 

Is to departure 356 

2.55145 

So is co. Bine of course pts. 9. 71105 

So is radius 

10.00000 

12. 26250 


12.55145 

9.93335 


9.93335 

To the diff. of latitude213.4 2.32015 

To the distance 415.1 

2.61810 


To find the Latitude in. 

Latitude left. 3? l^N. 

Diff. of latitude 213 miles, or 3 33 8. 

Latitude in . 0 17 S. 


BY INSPECTION. 

In that page of the Traverse Table marked with the course 5J points at 
the bottom, nnd half the given departure, viz. 178 (the whole being too 
great) in the dep. column; opposite to which, in the lat. and dist. columns, 
will be 106. 9 and 208; tnese being multiplied by 2, give the whole 
difference of latitude 213.8, and the distance 416 miles. 


BY GUNTER’S SCALE. 

Extend from the course points to the complement of the course 
2J points on the line of sine rhumbs; that extent will reach from the 
departure 356 to the difference of latitude 213. 4 on the line of numbers. 

Extend from the course 5\ points to 8 points on the line of sine rhumbs; 
that extent will reach from the departure 356 to the distance 415.1 on the 
line of numbers. 


CASE IV. 

The Distance and Difference of Latitude given , to find the 
Course and Departure. 

Example. A ship from Cape St. Vincent, in latitude 37° S' N., sails 
between the north and west 430 miles, until her difference of latitude is 
214 miles: required her course steered, and departure made good. 
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BY CONSTRUCTION. 


Draw the quadrant n c w to repre¬ 
sent the N. W. quarter of the com¬ 
pass, and from c to b lay off the dif¬ 
ference of latitude 214; through b 
draw the line a b parallel to c w; with 
the distance 430 in the compasses, 

{ place one foot in c, and let the other 
oot cross ab in a, and draw the 
line a c : then will the course bca 
measure 60 degrees, and the depar¬ 
ture a b 373. 



BY CALCULATION. 


To Jind the Course. 


As the distance 430 

2.63347 

Is to radius 

10.00000 

So i^the diff. of lat. 214 

2.33041 


12.33041 


2.63347 

To co. sine of course 60° O' 

9.69694 


To Jind the Departure. 


As radius 

10.00000 

Is to distance 430 

2.63347 

So is sine of course 60° O' 

9.93819 


12.57166 


10.00000 

To the departure 373 

2.57166 


BY INSPECTION. 

Seek in the several pages of the Traverse Tables until half the dis¬ 
tance 215, and half the difference of latitude 107, are found opposite each 
other in their respective columns; against these will be found 186. 2, 
which being doubled, gives the whole departure 372. 4: and as the column 
where the difference of latitude is found, is marked lat. at bottom, the course 
is to be taken from thence, which in this example is 60 degrees. 

BY GUNTER’S SCALE. 

Extend from the distance 430 to the difference of latitude 214 on the 
line of numbers; that extent will reach from radius, or 90 p , to 29 p 5V, the 
complement of the course on the line of sines: hence the course is 60 p 9 . 

Extend from radius, or 90°, to the course &P 9' on the line of sines; that 
extent will reach from the distance 430 to the departure 373 on the line of 
numbers. 


CASE V. 

The Distance and Departure given , to Jind the Course and 
Difference of Latitude . 

Example. A ship from latitude 1° 82' S. sails between the north and east 
250 miles, and finds she has made 126 miles of departure: required the 
course steered, and her latitude in. 
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BY CONSTRUCTION* 

Draw the quadrant kck to represent the N. E. 

J uarter of the compass; from c to d lay off the 
eparture 126, and through d draw the line n a 
parallel to c n produced; with the distance 250 in 
the compasses, place one foot in c, and let the other 
cut da in a; draw the line ac, and through a 
draw the line b a parallel to c d ; then the course 
b c a will measure 80? 16 7 , and the difference of 
latitude c b 215.9. 



BY CALCULATION. 


To find the Course . 


As the distance 250 

2.39794 

Is to radius 

10.00000 

So is the departure 126 

2.10037 


12.10037 


2.39794 

To sine of course 30°16 / 

9.70243 


To find the Difference of Latitude 

As radius 10.00000 

Is to the distance 250 2.99794 

So is co. sine of course 30°16^ 9.93636 


12.33430 

10.00000 


To the diff. of lat. 215.9 2.33430 


To find the Latitude in. 

Latitude left. 1° 32' S. 

Diff. of lat. 215. 9 miles, or 3 36 N. 

Latitude in . 2 4 N. 


BY INSPECTION. 

Seek in the Tables till opposite the distance 250, taken in its column; the 
nearest to the given departure 126 is found in its proper column, adjoining 
to which stands the difference of latitude 216.5; and as the column in which 
the departure is found, is marked dep. at the top of the page, the course is 
to be taken from thence, which therefore will be 30 degrees. 

BY GUNTER’S SCALE. 

Extend from the distance 250 to the departure 126 on the line of num¬ 
bers ; that extent will reach from radius, or 90°, to the course 30* 16 7 on 
the line of sines. 

Extend from radius, or 90?, to the complement of the course 59° 44^ on 
die Hne of sines; that extent will reach from the distance 250 to the differ 
ence of latitude 216 on the line of numbers. 
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CASE VI. 

The Difference of Latitude and Departure given , to find the 
Course and Distance . 

Example. A ship from Funchal, in Madeira, in latitude 82° 88' N., sails 
a direct course between the south and west until she is in latitude 31° 13' N. 
by observation, having made 72 miles of departure: required her course 
steered, and distance run. 

Latitude of Funchal . 32° 38^ N. 

Latitude in by observation 31 13 N. 

Difference of latitude . 1 25 = 85 miles. 


BY CONSTRUCTION. 

Draw the meridian line c b, and from c describe 
the quadrant c s w; from c to b lay off the differ¬ 
ence of latitude 85; through b draw a b parallel 
to c w, and equal to the departure 72, and join 
a c: then the course acb will measure 40° 16', 
and the distance a c 111. 4. 

BY CALCULATION. 


To find the Course. 1 

1 To find the Distance. 

As the diff. of latitude 85 

1.92942 

As radius 

10.00000 

Is to radius 

10.00000 

Is to the diff. of latitude 85 

1.92942 

So is the departure 72 

1.85733 

So is sec. of course 40° 1& 

10.11745 


11.85733 


12.04687 


1.92942 


10.00000 

To tang, of course 40° lG' 

9.92791 

To the distance 111. 4 

2.04687 


BY INSPECTION. 



Seek in the different pages of the Tables till the difference of latitude 85, 
and the departure 72, or the nearest thereto, are found together in their 
respective columns, which will be under the course 40 degrees; and the 
distance answering to these will be 111. 

Note. In this case, always seek for the larger of the two given numbers 
in the column marked lat. at the top of the page, until the smaller be found 
opposite to it in the column marked dep. at the top; observing, that when 
the departure is more than die difference of latitude, the course will be at 
the bottom of the page. 
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plane sailing. 


BY GUNTER’S SCALE. 

Extend from the difference of latitude 85 to the departure 79 on the line 
of numbers; that extent will reach from radius, or 45°, to the course 40?16 
on the line of tangents. 

Extend from the complement of the course 40 3 44' to 90° on the line of 
sines; that extent will reach from the difference of latitude 85 to the distance 
111. 4 on the line of numbers. 

EXAMPLES FOR EXERCISE. 

1. A ship from latitude 38° SO' N., sails S. W. by W. 490 miles: whati* 
her present latitude, and what departure has she made P 

Answer. Latitude in 32° 37' N., and departure 349. 3 miles. 

9. A ship from latitude 3° 54/ S., has sailed N. W. } W. till she arrives 
at latitude 9° 14' N.: required her distance run, and departure made good. 

Answer. Distance 617. 8, and departure 496. 9 miles. 

3. A ship from St. Helena, in latitude 15° 55' S., sails S. S. E. i E. till 
she has made 115 miles of departure: I demand her present latitude, and 
the distance she has run. 

Answer. Latitude in 19° 30' S., and distance 944 miles. 

4. A ship from latitude 98° 90' N., sails north-easterly 486 miles, and 
finds by observation that she is in latitude 39P17' N.: what course has she 
steered, and what departure has she made? 

Answer. Course N. 60 p 49' E., or N. E. b. E. \ E. nearly, and departure 
494.3 miles. 

5. A ship sails between the north and west 170 leagues from a port, in 
latitude 38? 49' N., until her departure is 98 leagues: required her course 
and latitude in. 

Answer. Course N. 35° 19' W., or N. W. b. N. i W. nearly, and latitude 
in 45? 89'N. 

6. A ship from the Lizard, in latitude 49° 58' N., sails to the westward 
on a direct course, till she arrives at latitude 48° 11' N., and finds she hs* 
made 87 miles of westing: required her course steered, and distance run. 

Answer. Course S. 39° 7' W., or S. W. b. S. 4 W. nearly, and distance 
187. 9 miles. 

7. A ship from Ascension Island, in latitude 7°56 S., sails N. N. W. J W. 
944 miles : required her present latitude, and departure made good. 

Answer. Latitude in 4° 97' S., and departure 195. 4 miles. 

8. A ship from Cape St Vincent, in latitude 37° 3' N., sails between the 
south and west, till her difference of latitude is 69 miles, and her departure 
915 miles: required her course, distance, and latitude in. 

Answer. Course S. 79° 19' W., or W. S. W. £ W. nearly, distance 
995. 7 miles, and latitude 35° 54' N. 
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9. A ship from the Lizard, in latitude 49° 58' N., sails 456 miles to the 
westward, and then finds she is 360 miles to the southward of the Lizard: 
required her course, departure, and latitude in. 

Answer. Course S. 37° 52' W., or S. W. | S. nearly; departure 279. 9 
miles, and latitude in 43° 58' N. 

10. A ship from Cape Hatteras, in latitude 35° 15' N., sails in the 
north-east quarter 226 miles, and then finds that she is 198 miles to the 
eastward of the Cape: required her course, and latitude in. 

Answer. Course N. 61° 11' £., or N. E. by E. £ E., and latitude in 
S7°^N. 

11. If a ship take her departure, at 6h. p. m., from Cape Verd, in 
latitude 14° 45 / N., and sail W. S. W. £ W. at the rate of 7 miles an hour 
until the next day at noon; what will be her distance run, departure, and 
latitude in P 

Answer. Distance 126 miles, departure 120. 6, and latitude in 14° 8' N. 

12. A ship from latitude 55° 30' N., sails S. W. by S. during 20 hours, 
and then finds by observation she is in latitude 53° 17' N.: required her 
rate of sailing per hour, and the departure she has made. 

Answer. Departure 88. 87 miles, distance run in 20 hours 160 miles, 
and therefore her rate per hour 8 miles. 


TRAVERSE SAILING. 


WHEN a ship, either from contrary winds or other causes, is obliged 
to sail on different courses, the irregular or zigzag track she makes is called 
a Traverse, or Compound Course ; and the method of reducing these 
several courses and distances into a single course and distance, is called 
resolving a traverse. 

To resolve a traverse, make a Table (as that in Example I.), and divide 
it into six columns; in the first of these set down the several courses, and 
opposite to them, in the second column, their corresponding distances: the 
third and fourth columns are to be marked N. S. at the top, and are to 
contain the differences of latitude; the fifth and sixth are to be marked 
E. W., to contain the departures. 

Find the difference of latitude and departure corresponding to each 
course and distance, by any of the methods in Case I. of Plane Sailing, the 
most common of which is that by Inspection; set these down opposite the 
distance in their proper columns, observing that the difference of latitude 
must be placed in the north column, if the course be northerly, and in the 
south column, if the course be southerly; and that the departure must be 
placed in the east column, if the course be easterly, and in the west column, 
if it be westerly. When the course is due north, south, east, or west, set 
down the distance in that column answering to it. Add up the columns of 

L 
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northing, southing, easting, and westing, and set down the sum of ^ach at 
the bottom; then the difference between the sums of the north and south 
columns will be the whole difference of latitude made good, of the same 
name with the greater; and the difference between the sums of the east 
and west columns is the whole departure made good, of the same name with 
the greater sum. 

With this whole difference of latitude and departure made good, find 
the direct course and distance, as in Case VI. of Plane Sailing. 

EXAMPLE I. 

Suppose a ship from the Start, in latitude 5(P IS" N., sail W. S. W. 
01 miles, W. b. N. 35 miles, S. b. E. 45 miles, S. W. b. W. 55 miles, and 
S. S. E. 41 miles : required her direct course and distance sailed, and her 
latitude in. 


BY CONSTRUCTION. 

N 



With the chord of 60° describe the circle nesw, to represent the 
compass; draw the diameters n s and e w at right angles, the one repre¬ 
senting the meridian, and the other the parallel die ship sailed from: take 
each course from the line of rhumbs, and lay them off from the meridian 
in their respective quarters, and number them in order 1, 2, 8, 4, &c.; 
thus, from S. to 1 lay off 6 points for the first course W. S. W.; from 
N. to 2 lay off 7 points for the second course W. b. N.; from S. to 3 lay 
off one point for the third course S. by E.; from S. to 4 lay off 5 points 
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for the fourth course S. W. b. W.; from *8. to 5 lay off 2 points for the 
fifth course S. S. E.; and from the centre of the circle draw rnumb lines td 
each of these points, which may be produced to any length that is necessary. 
Upon the first rhumb c 1, lay off the first distance 51 miles, from c to a ; 
then will a represent the ship's place at the end of the first course; 
through a draw a b parallel to the second course c 2 (Prob. IV. Geom.), 
and make it equal to the second distance 35 miles; through b draw b c 
parallel to c 8, and equal to 45 miles: through c draw c d parallel to c 4, 
and equal to 55 miles; and through d draw d e parallel to c 5, and equal 
to 41 miles. Through k draw the line e f parallel to the east and west 
line we, meeting n s produced in f, and join c e. Then will c f be the 
difference of latitude made good, measuring 125.3; e f the departure 
102. 6, c e the distance 162, and the angle e c f the course 3<P 19', or 
points. 


TRAVERSE TABLE. 


Courses. 


Diff. of Lat. 

Departure. 


N. 

S. 

E. 

w. 

W.S.W. 

51 


19.5 


47.1 

W. b. N. 

35 

6.8 



34.3 

S* b. £• 

45 


44.1 

8.8 


8.W.b.W. 

55 


30.6 


45.7 

S. S. E. 

41 


37.9 

15.7 




6.8 

132.1 

24.5 

127.1 




6.8 


24.5 


Diff 

.of Lat. 

125.3 

Dep. 

102.6 


Lat. left. 50° 13* N. 

Diff. of Lat. 125or. 2 5 S. 


Latitude in . 48 8 N. 


To find the Course and Dietanee made good. 


BY CALCULATION. 


To find the Course. 


As diff. of lat. 125.3 

2.09795 

Is to radius 

10.00000 

So is departure 102.6 

2.01115 


12.01115 


2.09795 

To tang, course 39° 

9.91320 


To find the Distance. 

As radius 10.00000 

Is to diff. of latitude 125.3 2.09795 
So is sec. of course 39° 19 7 10.11145 


12.20946 

10.00000 


To the distance 162 2.20940 


Hence the direct course made good is S. 39° 19" W. or S. W.b. S. $ W., 
and the distance 162 mills. 


l 2 
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BY INSPECTION. 

Seek in the Traverse Table till the difference of latitude 125.3, and 
departure 102.6, are found opposite each other in their respective columns; 
the nearest to these will be 125.2 and 102.8, which give the course 3£ points 
at the top, and the distance 162 in its column. 

EXAMPLE II. 

A ship from the North Foreland, in latitude 51° 28' N., and bound to 
the Texel, which lies in latitude 53° 2 ' N., and 115 miles to the eastward, 
sails N. E. 35 mile3, E. b. S. 25 miles, N. E. b. E. £ E. 40 miles, North 
21 miles, and N. W. b. W. 30 miles: required her course and distance 
made good, the latitude she is in, and departure from the meridian; also 
the direct course and distance from the ship to the Texel. 

BY CONSTRUCTION. 


Texel 



With the chord of 60° describe a circle, through the centre of which draw 
the north and south, or meridian line, N. S., and at right angles to it the 
east and west line, W. E.; lay off from the meridian, upon the circumference 
of the circle, the several courses in their proper quarters, number them in 
order, and draw a rhumb line from the centre to each of the points; then, 
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on the first rhumb line, which is N. E. or 4 points, lay off the distance 85 
from the centre, and through the end of this first distance draw a line 
parallel to the second rhumb, E. b. S. 7 points, on which lay off the second 
distance £5; proceed thus till all the courses and distances are laid off, and 
through the end of the last distance draw the line a b parallel to the line 
W. E., meeting S. N. produced in b ; then will a represent the ship's place, 
c b will measure the difference of latitude made good 76. 4, b a the 
departure 59. 6, c a the distance run 6. 91, and the angle b c a the course 
steered, 37° 58' 

To find what course the ship must steer, and what distance she must 
run, before she can arrive at the Texel, lay off from c to d 99, the whole 
difference of latitude between the Foreland and the Texel, and through d 
draw d f parallel to W. E., and equal to the whole departure 115, then will 
f represent the situation of the Texel: through a draw a e parallel tocn, 
and join a f ; then a e will be the northing, or difference of latitude £3, 
and e f the easting, or departure 55. 4, the snip has to make good; a f the 
distance the ship has to sail 60, and the angle f. a f measuring 67° 27', the 
course from the ship to the Texel. 


TRAVERSE TABLE. 


Courses. 

Distance. 

Diff. of Latitude. 

Departure. 

N. 

S. 

E. 

w. 


35 

24.7 


247 


E. b. S. 

25 


4.9 

24.5 


N.E. b.E.AE. 


18.9 


35.3 



21 





N. W. b. W. 


16.7 



24.9 



81.3 

4.9 

845 

249 



4.9 


24.9 


■■ 

Diffof Lat. 

76.4 

Dep. 

59.6 



To find the Course and Distance made good. 
BY CALCULATION. 


To find the Course . 1 

1 Tofind the Distance . 

Ab diff. of latitude 76.4 

1.88309 

As radius 

10.00000 

la to radius 

10.00000 

Is to diff. latitude 76.4 

1.88309 

So is departure 59.6 

1.77625 

So is sec. course 37° 58' 

10.10327 


11.77625 


11.98636 


1.88309 


10.00000 

To tang, course 37° 58' 

9.89216 

To the distance 96.91 

1.98636 
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BY INSPECTION. 

The difference of latitude 76. 4, and departure 59* 6, being looked for till 
they are found opposite each other in their respective columns, give the 
course 38°, and the distance 97 miles. 


To find the direct Course and Distance from the Ship to the TexeL 


Latitude of N. Foreland ... 51° 23 / N. 
Diff. of lat. made good, 76m. or 1 16 N. 


Latitude in . 52 39 N. 

Latitude of Texel . 53 2 N. 


Diff. of latitude to make good 0 23 N. 


Whole departure. 115m. E. 

Departure made good . 59.6 E. 


Departure to make good ... 55.4 E. 


BY CALCULATION. 


To find the Course . j 

To find the Distance . 

As the diff of latitude 23 

1.36173 

As radius 

10.00000 

Is to radius 

10.00000 

Is to diff. of latitude 23 

1.36173 

So is departure 55. 4 

1.74351 

So is sec. course 67° 27 / 

10.41625 


11.74351 


11.77798 


1.36173 


10.00000 

To tang, course 67° 27' 

10.38178 

To the distance 59.98 

1.77796 


BY INSPECTION. 



The departure 55. 4, and difference of latitude 23, being looked for in the 
Tables till they are found together, the nearest numbers answering to them 
will be over the course 6 points, and opposite the distance 60 miles. 


EXAMPLES FOR EXERCISE. 

1. A ship from the Lizard, in latitude 49°58'N., sails as follows: 
S. by W. 42 miles, W. S. W. 36 miles, West 18 miles, E. S. E. 22 miles, 
South 34 miles, and N. E. 21 miles: required her present latitude, and the 
direct course and distance made good. 

Answer. Her latitude in is 48°35 / N., the course made good, S. 16°27'W., 
or S. by W. | W. nearly, and the distance 86.13 miles. 

2. A ship from latitude 9° 26' N. sails N. E. 20 miles, North S3 miles, 
N. N. W. 15 miles, East 25 miles, N. E. by N. 42 miles, and S. W. J W. 
28 miles: required her course and distance made good, and her present 
latitude. 

Answer. Course N. 24 P 12' E., or N. N. E. ± E. nearly; distance 
85. 63 miles, and present latitude 1(F 44' N. 
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3. A ship from the Cape of Good Hope, in latitude 34° 22' S., sails 
S. W. £ S. 27 miles, S. E. by E. 45 miles, S. W. by S. 48 miles, West 
32 miles, and S. S. W. £ W. 18 miles: required her course and distance 
made good, and her present latitude. 

Answer. Course S. 24° 45' W., or S. S. W. £ W., distance 112 miles, 
and latitude in 36° 4 / S. 

4. A ship from latitude 1° 19' S., sails E. by N. £ N. 56 miles, N. £ E. 
80 miles, S. by E. £ E. 96 miles, N. £ E. 68 miles, E. S. E. 40 miles, 
N. N. W. £ W. 86 miles, and E. by S. 65 miles: required her direct course, 
distance, and her present latitude. 

Answer. Course N. 51° 47' E., or N. E. £ E. nearly, distance 193.8 
miles, and present latitude 0° 48' N. 

5. A ship from latitude 46° 18' N., sails N. 25° W. 50 miles, N. 7 4P E. 
64 miles, S. 52° W. 36 miles, N. 35° E. 40 miles, N. G3P W. 75 miles, and 
S. 47° E. 48 miles: required her course, distance, and latitude in. 

Answer. Course North, distance 67. 7 miles, and latitude in 47° 26 / N. 

6. A ship from latitude 51° 30 / N., running at the rate of 8 knots an hour, 
sails W. S. W. 3 hours, N. W. 2£ hours, West 4 hours, S.W. by S. 

hours, and N. W. £ W. 2 hours: required her course, distance, and 
latitude in. 

Answer. Course West, distance 90. 7 miles, and latitude in 51° 30 7 N. 

7. A ship from a Port in latitude 38° 42' N., bound to another Port 
situated in latitude 36° 32' N., and 137 miles to the eastward, sails the 
following courses: S. by W. £ W. 55 miles, S. W. b. S. £ W. 37 miles, 
South 60 miles, E. S. E. 40 miles, 8. E. b. S. £ E. 32 miles, and 
N. E. b. E. £ E. 58 miles : required her direct course and distance made 
good, her present latitude, and tne direct course and distance to her intended 
Fort. 

Answer. The course made good is S. 23° 38" E., and the distance 
169 miles; the latitude in 36° 7' N., the course to the intended Port 
N. T0° 8 / E., and the distance 73. 56 miles. 

8. The course (by compass) from Beachy Head to Selsea Bill is 
N. 67° W. and distance 40 miles; from Selsea Bill to St. Catherine's 
Point N. 86° W. 21 miles; from St. Catherine's Point to Portland Lights 
N. G9 P W. 44 miles; from Portland Lights to die Start N. 85° W. 
49 miles: required the course and distance from Beachy Head to the Start 

Answer. The course is N. 75° 51' W. or W. N. W. f W., and distance 
152. 2 miles. 

9. Suppose a ship to sail upon the following courses and distances:— 
S. E. by S. 29 miles, N. N. E. 10, E. S. E. 50, E. N. E. 50, S. S. E. 10, 
N. E. by N. 29, West 25, S. S. E. 10, W. S. W. £ W. 42, North 110, 
E. | N. 62, North 7, West 62, North 10, West 8, South 10, West 62, 
South 7, E ; 2 S. 62, South 110, W. N. W. £ W. 42, N. N. E. 10, and 
West 25 miles : required her course and distance made good. 

Answer. The ship has returned to the place she sailed from. 

Not*. This example is taken from “ Robertson's Elements of Navigation f the figure forming 
the shape of an Anchor. 
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PARALLEL SAILING. 


In Plane Sailing it was observed that the meridians are considered as 
being all parallel to each other, and the length of a degree on the meridian 
and parallel every where equal; which supposition will give just conclusions, 
so far as the course, distance, difference or latitude, and departure, are con¬ 
cerned ; because a ship, when sailing on a rhumb, makes equal angles with 
the meridians: but as the earth is a sphere, or globe, ana the meridians 
meet at the Poles, it is evident that the distance between any two meridians 
must vary in every latitude, their greatest distance being at tne Equator, on 
which the difference of longitude is measured: hence the difference of 
longitude always exceeds the departure, or meridian distance (except on 
the Equator, where they are the same), in proportion as the given placet 
are situated further from the Equator. 


Parallel Sailing is the method of finding the distance between two 
places in the same latitude when their difference of longitude is known, w 
of finding the difference of longitude answering to the meridian distance or 
departure made good, when a snip sails due east or west. 

This sailing is particularly useful in making small or low islands, in 
which case it is usual to run into the latitude, and then steer due east or 
west. 

The principles upon which Parallel Sailing p 

depends, may be thus illustrated: Let pakc 
represent a section of one-fourth part of the earth, 
through the centre c, and one of the Poles p; 
then p a e will be part of a meridian, p c the 
polar, and e c the equatorial, semi-axis; also let 
p b o represent part of another meridian, a and b 
two places in the same parallel, being equally 
distant from the Equator eoq; then will a b be 
the meridian distance, and k o their difference of 
longitude; the arches ae or bo will measure 
their latitude, and a p or b p their co. latitude; a r, the radius of the 
parallel a b s, will be the sine of the arch a p, the co. latitude; or co. sine 
of a e the latitude of a or b. Now the angles abb and eco being equal, 
the arches a b and e o are similar; and as circles and similar arches of circles 
are in direct ratio to their radii, therefore 



e c (or a c) : e o :: ar : ab. 


That is, As radius. 

Is to difference of longitude. 
So is co. sine of latitude, 

To the meridian distance. 


Or, As radius. 

Is to any given portion of the Equator, 
So is co. sine of latitude, 

To a similar portion of a given parallel 
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E O. 


Also, b o : R c :: A B : a R. 

That is, As difference of longitude 
Is to radius, 

So is meridian distance 
To co. sine of latitude. 


And, a R : ab :: k c (or a o) 

That ia. As oo. aine of latitude 
Is to meridian, distance* 

So is radius 

To difference of longitude. 

Hence, if a triangle, as a b c (see figure in Case I.), be so constructed 
that the longest side a c may represent the difference of longitude in 
nudes, the base a b the meridian distance, and the angle opposite to it 
a c b the co. latitude, consequently the other angle bac equal to the 
latitude, and any two of these parts be given, the other may be found by 
Trigonometry. 


CASE I. 

The Difference of Longitude between two Place*, both in one Parallel 
of Latitude given , to find their Distance* 

Example. A ship in latitude 86° 58' N., and longitude £0° £5' W., is 
bound to St. Mary’s, one of the Western Islands, in die same latitude, 
and in longitude £5° 18 / W., what distance must she run to arrive at the 
Island? 

90° O' Longitude of ship .20° 25 W. 

Latitude. 36 58 Longitude of St* Mary.. 25 13 W. 

Co.latitude... 53 2 Diff. of longitude . 4 48=288 miles. 


BY CONSTRUCTION. 

Draw the line ab of any length, and 
make the angle cab equal to the latitude 
86° 58' (Prob. XII. Geom.); from a to o 
lay off the difference of longitude £88, 
and from c draw c b perpendicular to ab 
(Prob. III. Geom.); then will a b measure 
280, the departure or distance required. 

BY CALCULATION. 

To find the Departure or Distance. 

As radius ... 10.00000 

Is to the difference of longitude a o 288... 2.45939 
So is the co. sine of latitude 36° 58 / . 9.90254 


12.36193 

10.00000 

To the departure or distance ab 230.1... 2.36193 


C i 



M 
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BY INSPECTION. 

Seek for die complement of the latitude 5S° among the degrees in the 
Traverse Table, as if it were a course, and for the difference of longitude 
288 in one of the distance columns of that page, opposite to which, in the 
departure column, will be found 230, the departure or distance required. 

BY CUNTER’S SCALE. 

Extend from 90° to the co. latitude 53° 2 / on the line of sines; that 
extent will reach from the difference of longitude 288 to the distance 230.1 
on the line of numbers. 

CASE II. 


The Distance between two Places both in the same Parallel of Latitude 
given, to find the Difference of Longitude . 

Example. A ship from latitude 49° 32' N., and longitude 10° 16' W., 
sails due West 118 miles: required her present longitude. 


BY CONSTRUCTION. 


Draw the line a b, which make equal to the 
given distance 118, and make the angle cab 
equal to the latitude 49° 32'(Prob. XII.Geom.); 
upon b erect the perpendicular b c, cutting 
the line a c in c (Prob. II. Geom.); then 
will the line a c measure 182, the difference 
of longitude required. 


BY CALCULATION. 


90° 00' 


Lat. ...49 32 



Tojlnd the Diff. of Longitude . 

As co. sine of lat. 49° 32' 9.81225 

Is to the distance a b 118 2.07188 

So is radius 10.00000 


12.07188 

9.81225 


To find the Longitude in. 

Longitude left 10° 1& W. 

Diff. of longitude 182m. or 3 2 W. 

Longitude in 13 18 W. 


To the diff. of long. 181.8 2.25963 


BY INSPECTION. 

Look for the co. latitude 40° in the Table, as a course, and for the 
distance 118 in one of the departure columns, opposite to which, in the 
distance column, will be found 184; but as the co. latitude is nearly half 
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way between 4XP and 41°, look again in die pase with 41° at the top, for 
the distance 118 in one of the departure columns, and opposite, m the 
distance column, will be found 180; then half the sum of this and 184, 
found before, will be 182, the difference of longitude. 

BY GUNTER’S SCALE. 

Extend from the co. latitude 40° £8' to radius 90° on the line of sines; 
that extent will reach from the distance 118 to the difference of longitude 
182 miles. 


CASE III. 

The Difference of Longitude and Distance between two Places in thesame 
Parallel of Latitude given , to find the Latitude of that Parallel . 

Example. A ship sails due East 156 miles, and then finds she has 
altered her longitude 314 miles: required the latitude of the parallel she 
has sailed on. 


BY CONSTRUCTION. 

Draw the line a b, and make it equal to the dis¬ 
tance 156; on b erect the perpendicular b c, and 
with an extent in the compasses equal to the differ¬ 
ence of longitude 314, set one foot in a, and with 
the other describe an arch cutting b c in c, and 
draw the line a c ; then the angle cab will measure 
60P13' (Prob. XIII. Geomr), the latitude required. 


BY CALCULATION. 


C 



To find the Parallel of Latitude sailed on. 

As the difference of longitude a c 314 ... 2.49693 

Is to radius . 10.00000 

So is the distance or departure a b 156 ... 2.19312 


12.19312 


To co. sine of the latitude 60 p 13' . 9.69619 


• BY INSPECTION. 

Seek in the several pages of the Table till half the difference of longitude 
and distance, viz. 157 and 78, (the whole exceeding the limits of the Table) 
are found opposite each other in the distance and departure columns, 
which will give the co. latitude 30° at the top of the page, and conse¬ 
quently the latitude required will be 60°. 

m 2 
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BY GUNTER’S SCALE. 

Extend from the difference of longitude 314 to the distance 156 on the 
line of numbers; that extent will reach from 90° to the complement of 
the latitude £9° 47' on the line of sines: hence the latitude required is 
&T 18'. 


EXAMPLES FOR EXERCISE. 

1. A ship having taken her departure from North Cape, New Zealand, 
in latitude 34° £4 y S., and longitude 173° lO' E., being bound to Port 
Jackson, sails due West until she arrives in longitude 163° 55' E.: required 
her distance run. 

Answer. Distance 474. 4 miles. 

£. A ship from Bucbanness, in latitude 57° 29' N., and longitude 
1° 47' W., sails due East 1 25 miles: required her present longitude. 

Answer. Longitude in £? 6' E. 

3. A ship in latitude 3£° 22' N., and longitude 5£? 2(P W., sails West 
365 miles : required her distance from the Island of Bermuda, in the same 
latitude, and in longitude 64° 43' W. 

Answer. Distance of ship from Bermuda 262. 6 miles. 

4. A ship in latitude 60° N., and longitude ££° 30' W., sails West 200 
miles : required her present longitude. 

Answer. Longitude in £9° lO' W. 

5. If a ship take her departure from Cape St Antonio (at the entrance 
to the River Plate), which lies in latitude 36° 19 7 S., and longitude 
56° 4£' W., how far must she sail due East to arrive at the meridian of 
the Cape of Good Hope, in longitude 18° 24Y E.? 

Answer. 3631 miles. 

6. In what parallel of latitude is the departure or meridian distance 
one third the difference of longitude ? 

Answer. In latitude 70 p 32'. 

7. A ship from longitude 81° 36 / W., sails West 810 miles, and then 
finds by observation she is in longitude 91° 50' W.; on what parallel of 
latitude has she sailed P 

Answer. In latitude 59P 41'. 

8. Suppose a ship from latitude 35° 30' N., and longitude 6° 15' W., 
sails West £50 miles, North 525 miles, and then East £50 miles: required 
her present latitude and longitude. 

Answer. Latitude 44° 15' N., and longitude 5° 83 / W. 

9. A ship from latitude 49 9 3£' N., and longitude .£1° 56' W., sails 
N. W. by N. £0 miles, S. W. 40 miles, N. E. by E. 60 miles, S. E. 
55 miles, W. by S. 41 miles, and E. N. E. 66 miles: required her present 
latitude and longitude. 

Answer. Latitude 49° 3£' N., and longitude £0° 8' W. 
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WHEN a ship sails due North or South, she keeps on the same 
meridian, and therefore does not change her longitude, and her distance 
run is the difference of latitude: consequently her place is easily deter¬ 
mined by the latitude left, and difference of latitude. Again, when a ship 
sails due East or West, her difference of longitude is found by the latitude 
in, and departure or meridian distance, as already explained in Parallel 
Sailing; but when she sails upon any other course, she changes both her 
latitude and longitude. Now the difference of longitude cannot be inferred 
either from die departure, considered as a meridian distance m the latitude 
left, or that come to; for in the greater latitude it would give the difference 
of longitude too much, and in the lesser latitude too little: the departure 
is therefore accounted a meridian distance in the mean of the two latitudes, 
and then the difference of longitude is found as in Parallel Sailing; hence 
this method, which is compounded of Plane and Parallel Sailing, is called 
Middle Latitude Sailing. 

The middle latitude is half the sum of the two latitudes when they are 
of the same name; or half their difference, if of contrary names.* 

This method of sailing, although not strictly accurate, especially in high 
latitudes, approaches sufficiently near the truth for a day's run; but it is 
U6ed principally in low latitudes, and when the ship makes a course nearly 
east or west. 


CASE I. 


The Latitudes and Longitudes of two Places given , to find the 
Course and Distance between them . 

Example. Required the course and distance from Cape St. Vincent, in 
latitude 37° S' N./and longitude 9? 1' W, to Funchal, in Madeira, in 
latitude 32° S8 7 N., and longitude 16° 56' W. 


* The middle latitude computed as above, not being exactly the parallel in which the 
meridian distance is equal to the departure, the correct parallel, or as it may be called, the 
true middle latitude, may be found by the following proportion, vix., Mer. diff. latitude : 
(proper) diff. latitude :: radius : co. sine (true) middle latitude; which proportion may be 
thus investigated:— 

First, By Middle Latitude Sailing, diff. lat. : diff. long. :: co. sine middle lat. : tangent 

._ , „ diff. long. X co. si. mid. lat. , , __ . ~ 

wanes; therefore, -jfr w-=tangent course; and by Mercator’s Sailing, 


diff. lat. 
radius 


diff. long. X radius 


= tangent 


Mer. diff. lat. : diff. long. :: radius : tangent course, or- Mer diff lat 

tUff. long. X ca si. mid. lat. diff.long. X radius, , ,, 

Hence-diff. l au ' " = ~~ Mer. diff.lat ~ . ' consequently Mer. Aff. 

bt. X co. si. mid. lat. =: radius X diff. lat., and therefore Mer. diff. lat. : radius : (proper) 
diff. lat. *.: co. si. (true) middle latitude; or Mer. diff. lat. : (proper) diff. lat. ; radius : co. 
8,ne (true) middle latitude. 
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Lat. Cape St. Vincent 37® S' N. — 37° S' Long. C. St. Vine. 9° 1' W. 
Lat. Funchal .32 38 N. — 32 38 Long. Funchal 16 56 W. 


DifF. of latitude 4 25 Sum 2) 69 41 
60 

- Mid. lat. 34 50 

In miles 265 90 0 

Co. mid. lat. 55 10 


Diff. of long. 7 65 
60 


In miles 475 


BY CONSTRUCTION. 

Draw the line ad to represent the meri¬ 
dian of Cape St Vincent; make the angle 
adc equal to the co. mid. lat 55° KV, (Prob. 
XII. Geom.), and from d to c lay off the dif¬ 
ference of longitude 475; from c draw the line 
b c perpendicular to ad, (Prob. III. Geom.); 
make b a equal to the difference of latitude 265, 
and draw the line a c : then will b c represent 
the departure 389* 9, the angle bac the course 
55° 48", or 5 points nearly ; and a c the dis¬ 
tance 471.5 miles* 


BY CALCULATION. 


A 



To Jind the Departure. 

As radius 10.00000 

Is to diff. of long 475 2. 67669 

So isoo. sine mid.lat. 34°50 7 9.91425 


12.59094 

10.00000 


To the departure 389.9 2. 59094 


To Jind the Course without Dep* 

As diff. of lat. 265 2.42325 

Is to diff. of long. 475 2.67669 

So is co. sine mid. lat. 34° 50' 9. 91425 


12.59094 

2.42325 


To tang, course 55° 48' 10.16769 


To Jind the Course . 


As diff. of latitude 265 

2.42335 

Is to radius 

10.00000 

So is departure 389.9 

2.59095 


12.59005 


2.42385 

To tang, course 55° 48' 

10.16770 


To Jind the Distance. 

As radius 10. 00000 

Is to the diff. of latitude 265 2.42335 
So is sec. course 55° 48' 10.25030 

12.67345 

10.00000 

To distance 471.5 2.07345 


• This proportion is deduced from the two preceding, as may be thus demonstrated s 
rad. : diff. long. :: co. s. mid. lat. s depr.; therefore rad. X dep. = co. s. mid. lat. X 
long.; also, diff. lat. : rad. : s depr. : tang, course; therefore rad. Xdep., = diff. 1st X 
tang, course; consequently diff. lat. X tang, course =:co. s. mid. lat. X diff. long.; whence 
diff. lat. : co. s. mid. lat. :: diff long. : tang, course; or, diff. lat. : diff. long. :: co. a 
mid. lat. : tang, course. 
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Hence the course from Cape St. Vincent to Funchal is S. 55° 48 7 W., or 
S. W. b. W. nearly, and the distance 471.5 miles.* 

BY INSPECTION. 

Look for the co. middle latitude 55°, as if it were a course, and for 237, half 
the difference of longitude (the whole being too great) in a distance column, 
immediately opposite to which, in the departure column, will be found 
194. 1; this multiplied by 2, gives the departure 388. 2. 

Then 132.5, half the difference of latitude, and 194.1, half the departure, 
being found nearly opposite each other in their respective columns, will give 
the course 56°, or 5 points, and half the distance 235, which multiplied 
by 2, gives the distance 470 miles. 

BY GUNTER’S SCALE. 

Extend from 90° to the complement of middle latitude 55° 10 7 on the 
line of sines; that extent will reach from the difference of longitude 475 to 
the departure 389.9 on the line of numbers. 

Extend from the difference of latitude 265 to the departure 389.9 on the 
line of numbers; that extent will reach from 45° to the course 55° 48' on the 
line of tangents. 

Extend from the complement of the course 34° 12' to 90° on the line of 
sines; that extent will reach from the difference of latitude 265 to the 
distance 471. 5 on the line of numbers. 

CASE II. 

One Latitude , Course , and Distance given , to find the Difference 
of Latitude and Longitude . 

Example. A ship from lat. 52P6 7 N.,and long.35° & W., sails N.W. b.W. 
229 miles : required her present latitude and longitude. 

BY CONSTRUCTION. 

Draw the line a d, and make the angle dac 
equal to the course 5 points; lay off, from a to c, 
the distance 229, and draw the line c b perpendi¬ 
cular to the line a d ; then will the departure c b 
measure 190. 4, and the diff. of latitude a b 127: 
hence the latitude in is 54° IS 7 , and the middle 
latitude 53° 9 / . Now make the angle bcd equal 
to the middle latitude 53° 9 , then will c d be the 
difference of longitude, measuring 317.4 miles. 

• If the true middle latitude were found by the proportion 
given at the bottom of page 85 (34° 5&), the course would be 
&5°47', and the distance 471.3 ; the same exactly as found by 
Mercator’s Sailing. 
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BY CALCULATION. 


To find the Difference of Latitude . 


As radius 

10.00000 

Is to distance 229 

2.35984 

So is co. sine course 5 pts. 

9. 74474 


12.10458 


10.00000 

To the diff. of lat. 127.2 

2.10458 


Diff. of lat. 127 miles, or 2° 7' N. 
Latitude left 52 6 N. 

Latitude in 54 13 N. 

Sum of latitudes 2) 106 19 

Middle latitude 53 9 

90 0 

Co. mid. latitude 36 51 


To find the Departure . 

As radius 10.00000 

Is to distance 229 2.35984 

So is sine course 5 pts. 9.91985 

7o Jind the Difference of Longitude. 

As co. sine mid. lat. 530 O' 9. 77795 
Is to departure 190.4 2.27907 

So is radius 10.00000 

12.27969 

10.00000 

12.27967 

9.77795 

To the departure 190.4 2. 27969 

To the diff. of long. 317.5 2 50172 

ToJind Diff,\ Longitude without DepJ* 

As co. sine mid. lat. 53° 9 / 9. 77795 

la to diff. of lat. 127.9 2.10449 

So is tang, course 5 pts. 10.17511 

12.27960 
9.77795 

To find the Longitude in. 
Longitude left 35° * ff W. 

Diff. of long. 317m. or 5 17 W. 

Longitude in 40 23 W. 

\ 

To the diff. of long. 317.4 2.50165 


BY INSPECTION. 

Look for the oourse 5 points at the bottom of the pages, over which, and 
opposite the distance 229 in its column, will be the din. of latitude 127.2, 
ana departure 190.4, in their respective columns. 

Look for the co. mid. latitude 87° (being the nearest to 86° 51') as if it 
were a course, and for half the departure 95.2 in its column, opposite the 
nearest to which, in the distance column, will be found 158; this, multiplied 
by 2, gives the difference of longitude, 316 miles. 


* Or, by considering the whole figure a c D as an oblique-angled triangle, it may be 
stated thus: as co. sine mid. lat. is to distance, so is sine course to diff. of longitude. 
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BY GUNTER’S SCALE. 


Extend from 8 points to the complement of the course 8 points on the 
line of sine rhumbs ; that extent will reach from the distance 229 to the 
deference of latitude 127. 2. 

Extend from 8 points to the course S points on the line of sine rhumbs; 
that extent will reach from the distance 229 to the departure 190. 4 
Extend from the co. mid. latitude 36° 5V to 90° on the line of sines; 
that extent will reach from the departure 190. 4 to the difference of longi¬ 
tude 317. 4. 


CASE IIP. 


Both Latitudes and Departure given , to find the Course, Distance , 
and Difference of Longitude . 


Example. A ship from latitude 49° 57' N. and longitude 5° 11' W, 
nils between the South and West until she arrives in latitude 38° 27' N., 
and finds she has made 440 miles of departure: required the course she has 
steered, the distance run, and the longitude she is in. 


Latitude left 49° 5? N.49° 57' N. 

Latitude in 38 27 N.38 27 N. 


Diff. of latitude 11 30 Sum 2) 88 24 

60 - 

- Mid.lat.44 12 

In miles 690 • 90 00 


Co. mid. lat. 45 48 


BY CONSTRUCTION. 

Draw the line a d, and from a to b lay off the dif¬ 
ference of latitude 690; on b erect the perpendicular 
b c, which make equal to the departure 440, and join 
a c: draw the line c d, so as to make an angle with 
c b, equal to the middle latitude 44° 12'; then the 
course cab will measure 82P 31', the distance A c 
818. 5, and the difference of longitude d c 613. 7. 


a 



BY CALCULATION. 

Tofind the Course . I To find the Distance . 


As diff. of latitude 690 

2.83885 

As sine of course 32° 31' 

9.73042 

Isiorsdiiftt' 

10.00000 

Is to departure 440 

2.64345 

So is departure 440 

2.64345 

, So is radius 

10.00000 


12.64345 


12.64345 


2.83885 


9.73042 

To tang, course 32° 31' 

9.80460 

To the distance 818.5 

2.91303 


N 
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To find the Difference qf Longitude 

As co. sine mid. 1st. 44° 12 7 9.85547 
Is to departure 440 2.64845 

So is radius 10.00000 


12.64345 

9.85547 


To find the Longitude in. 


Longitude left 
DiC of long. 614m. or 


5P1PW. 
10 14 W. 


Longitude in 


15 25 W. 


To diff. of long. 613.7 2.78798 


BY INSPECTION. 

One fourth the difference of latitude and departure, that is, 172. & ad 
110, are found to correspond nearly under 82° and 38°, the departure 
opposite the difference of latitude 172.5, being too little under 82?, and too 
much under 83?; therefore the course is about 32£ degrees, and die dis¬ 
tances answering to these are 203 and 206: their sum 409, divided by 2, 
gives one fourth the distance 204.5, which, multiplied by 4, gives the 
whole distance 818. 

The complement of middle latitude 46° taken as a course, with one-fourth 
the departure 110, in its column, gives in the distance column 168 ; this, 
multiplied by 4, will be the difference of longitude 612. 

BY GUNTER’S SCALE. 

Extend from the difference of latitude 690, to the departure 440 on the 
line of numbers; that extent will reach from 45° to the course 82? ST cm 
the line of tangents. 

Extend from the course 82? ST to 90? on the line of sines; that extent 
will reach from the departure 440 to the distance 818.6 on the line of 
numbers. 

Extend from the co. mid. lat. 45° 48' to 90? on the line of sines; that 
extent will reach from the departure 440 to the difference of longitude 
618.7 on the line of numbers. 


CASE IV. 

Both Latitudes and Course given , to find the Departure , Distance , 
and Difference of Longitude. 

Example. A ship from latitude 42? 25 / N., and longitude 16° 6' W., 
sails N. E. b. E. for several days, and then finds by observation that she 
is in latitude 46° 20" N.: required the distance she has sailed, and her 
mesent longitude. 
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Latitude left 42°25>N. 42°25'N. 

Latitude by ob& 46 20 N. . 46 20 N* 


DifF. of latitude 

3 66 

Sum 2) 

88 

45 


00 

—— 

—— 



Mid. lat. 

44 

22 

In miles 

336 


90 

00 



Co. mid. lat. 

45 

38 


BY CONSTRUCTION. 

Draw the line a d, and from a to b lay off the 
difference of latitude 235; on b erect the perpen¬ 
dicular b c, and make the angle bac equal to the 
course 5 points; draw the line c d, making an 
angle equal to the middle latitude 44° 22' with b c ; 
then the departure b c will measure 352, the dis¬ 
tance a c 423, and the difference of longitude 
dc492. 


d 



BY CALCULATION 


To Jind the Departure . 

As radios 10.00000 

li to diff. of latitude 235 2.37107 

So is tang, course 5 pts. 10.17511 

To Jind the Distance . 

As co. sine of course 5 pts. 9.74474 
Is to diff. of latitude 235 2.37107 

So is radius 10.00000 

12.54618 

10.00000 

12.37107 
9.74474 

To the departure 351.7 2.54618 

To the distance 423 2.62633 

To Jind the Difference of Longitude. 
As oo. sine mid. lat. 44° 22' 9.85423 
I» to departure 351.7 2.54617 

So is radius 10.00000 

To Jind the Longitude in. 

Longitude left 15° 6 / W. 

Diff. of long. 492m. or 8 12 E. 

* Longitude in 6 54 W. 

12.54617 

9.85423 

To diff. of longitude 492 2.69194 


BY INSPECTION. 

Over the course 5 points, and opposite half the difference of latitude 
tl7.5, in its column, will be found naif the departure 175.4, and half the 
distance 211; these, multiplied by 2, give the whole departure 350.8, and 
the distance 422. 

n 2 
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The co. mid. lat. 45° 88' being taken as a course between 45? and 46°, 
give opposite half the departure 175.4, in the distance columns, 248 and 
244; naif the sum of these, viz. 246, will be half the difference of 
longitude, which, multiplied by 2, gives the difference of longitude 492. 

BY GUNTER’S SCALE 

Extend from the complement of the course 3 points to the course 5 points 
on the line of sine rhumbs; that extent will reach from the difference of 
latitude 235 to the departure 351. 7 on the line of numbers. 

Extend from the complement of the course 3 points to 8 points on die 
line of sine rhumbs; that extent will reach from the difference of latitude 
235 to the distance 423 on the line of numbers. 

Extend from the co. mid. lat. 45° 38' to 90° on the line of sines; that 
extent will reach from the departure 351.7 to the difference of longitude 
492 on the line of numbers. 


CASE V. 


Both Latitudes and Distance given, to find the Course and 
Difference of Longitude. 

Example. Suppose a ship from latitude 56° SO" N. has sailed South¬ 
easterly 257 miles when she arrives in latitude 54° 47 / N.; required her 
course, and difference of longitude. 


Latitude left 56° 30> N. ... 56* 30' N. 

Latitude in 54 47 N. 54 47 N. 


Diff. of lat. 1 43 
60 

In miles 103 

Co. mid. lat. 34 22 


2)111 17 


Mid. lat 55 38 
90 00 


BY CONSTRUCTION. 

Draw the line a d, and from a to b lay off the 
difference of latitude 103; on b erect the perpen¬ 
dicular b c; and with the distance 257 in the com¬ 
passes, placing one foot in a, let the other cross 
b c in c, and draw the line a c ; draw c d, making 
with c b an angle equal to the middle latitude 
55° 38'; then the course bag will measure 66° 22', 
and the difference of longitude c d 417. 


A 
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BY CALCULATION. 


To find the Course . 

As the distance 257 2.40993 

Is to radius 10.00000 

Soisdiff. of lat. 103 2.01284 


12.01284 

2.40993 


To co. sine course 60° 22 / 9.00291 


To Jind the Difference of Longitude . 

As co. sine mid. lat. 55*^38' 9.75165 
Is to tang, course 60° 22' 10.35894 

So is diff lat. 103 2.01284 


12.37178 
9.75105 


To diff. of longitude 417 2.62013 


Note. We shall omit working this and the following Cases by Inspection 
and Gunter^ Scale, as it is presumed the learner sufficiently understands 
those methods, without further instruction. 


CASE VI. 


One Latitude , Course^ and Departure given , to find the Distance, 
Difference of Latitude, and Difference of Longitude . 


Example. A ship sails S. S. W.ftom latitude SPIS'N., 
and longitude 9° 50 7 W., until her departure is 250 miles : 
required the distance sailed, and her present latitude and 
longitude. 

BY CONSTRUCTION. 

Having drawn the line a d, make a e perpendicular to it, 
and equal to the departure 250; through e draw e c parallel 
to a n, and draw ac, making an angle with ad, equal to the 
course 2 points; draw c b parallel to a e, and the line c d, 
making an angle with c b, equal to the middle latitude 
46° IS'; then will the difference of latitude a b, measure 
60S. 6, the distance a c 653. 3, and the difference of longi¬ 
tude c d 361.3. 


E a 


c 



D 


To Jind the Difference of Latitude . 
As sine of course 2 pts. *9.58284 
I* to departure 250 2.39794 

So is co. sine of course 2 pts. 9.96502 


12.36356 

9.58284 


To the diff. of lat. 603. 6 2.78072 


Latitude left 

51° 

w 

N. 

Diff. of latitude 604m. 

or 10 

4 

S. 

Latitude in 

41 

11 

N. 

Sum of latitudes 

2)92 

26 


Middle latitude 

46" 

13 



90 

00 


Co. mid. latitude 

43 

~47 
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To find the Distance . 

As sine of course 2 pts. 9.58284 
Is to departure 250 2.39794 

So is raaius ' 10.00000 


12.39794 

9.58284 


To the distanoe 653.3 2.81510 


To find the Difference of Longitude. 

Asco.sine mid.lat 40° 13' 9.84006 
Is to departure 250 2.39794 

So is raaius 10.00000 


12.39794 

9.84006 


To the diff. of long. 361.3 2.55788 


Longitude left . 9° SO' W. 

Diff. of longitude 361 miles, or . 6 1 W. 

Longitude in. 15 51 W. 


CASE VII. 


One Latitude, Distance, and Departure given, to find the Course, 
Difference of Latitude, and Difference of Ixmgitude* 

Example. A ship from latitude 54P N., and longitude 33° 20 7 Rails 
350 miles, between the North and East, until she has made 220 miles of 
departure: required the course steered, and her present latitude and 
longitude. 

BY CONSTRUCTION. 

Draw the line a d, and make a e perpendicular to it, 
and equal to the departure 220: through e draw e c 
parallel to ad, and, with the distance350 in the com¬ 
passes, set one foot in a, and let the other cross c e in c; 
join a c, and draw b c parallel to as; then the course 
vac will measure 38° 57', and the difference of latitude 
a b 272.2: hence the latitude in will be 589 82', and 
the mid. lat. 56° 16'. 

Make the angle bcd equal to 56° 16 / , and the differ¬ 
ence of longitude d c will measure 396.2. 


BY CALCULATION. 



To find the Course • 1 

To find the Difference of Latitude . 

As the distance 350 

2.64407 

As radius 

10.00000 

Is to radius 

10.00000 

Is to distance 350 

2.54407 

So is departure 220 

2.34242 

So is co. sine of course 38° 57' 

9.89061 


12.34242 


12.43488 


2.54407 


10.00000 

To sine of course 38^ 57' 

9.70835 

To the diff. of lat 272.2 

2.43488 
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Latitude left 54° O'N. 

Biff of lat 272m. or 4 32 N. 


Latitude in 58 32 N. 


Sum of latitudes 2)112 32 


Mid. latitude 56 16 
90 00 


To find the Difference qf Longitude. 

As co. sine mid. lat. 56° 16 / 9.74455 
Is to departure 220 2.34242 

So is radius 10.00000 


12.34242 

9.74455 


To the diff of long. 396.2 2.59787 


330 20' W. 
6 36 E. 


26 44 W. 


Co. mid. latitude 33 44 

Longitude left. 

Difference of longitude 396 miles, or 

Longitude in . 


CASE VIII. 


One Latitude, Departure, and Difference of Longitude given, to find 
the other Latitude , Course , and Distance.* 


Example. A ship from latitude 36° 32' N. 
sails between the South and West until she has 
made 480 miles of departure, and 562 miles of 
difference of longitude: required her present lati¬ 
tude, course steered, and distance run. 

BY CONSTRUCTION. 

Having drawn the line a d, make b c perpen¬ 
dicular to it, and equal to the departure 480; 
draw c n equal to the difference of longitude 562, 
meeting a d in d ; then the middle latitude bcd 
wfll measure 31°20 / ; hence the latitude in is 26° 8', 
and the difference of latitude 624: now make a b 
equal to 624, and join a c, which will measure 
the distance 787.2, and the course cab will be 
37° 84'. 

BY CALCUIATION. 


A 



To find the Middle Latitude . 

As the diff. of long. 562 2.74974 

Is to radius 10.00000 

So is departure 480 2.68124 


12.68124 

2.74974 


To co. sine mid. lat 31° 2fr 9.93150 


Middle latitude 

31° 2O' 



2 

Double mid. lat 

62 

40 

Latitude left 

36 

32 N. 

Latitude in 

26 

8 N. 


Diff. of lat. 10 24=624 m. 


• This Case cannot be solved by Mercator’s Sailing. 
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To find the Course. 1 

To find the Distance* 

As difF. of lat. 624 

2.79618 

As radius 

10.08000 

Is to radius 

10.00000 

Is to diff. of lat. 624 

2.79518 

So is departure 480 

2.68124 

So is sec. course 37° 34 / 

10.10092 


12.68124 


12.89610 


2.79518 


10.00000 

To tang, course 37° 34* 

9.88606 

To the distance 737* 2 

2.89610 


- i 


MERCATOR S SAILING. 


MERCATOR’S SAILING is the art of finding on a plane surface the 
motion of a ship upon any assigned course of the compass which shall be 
true in latitude, longitude, and distance sailed. This method is derived 
from the projection of Mercator’s Chart, in which the degrees of longitude 
are every where equal, the degrees of latitude increase towards the poles, 
and the parallels, meridians, and rhumb-lines are all represented by strait 
lines. 

Charts, in which the degrees of longitude and latitude are everywhere 
eaual, are termed Plane Charts. These, it must appear obvious from 
what has been said in Parallel and Middle Latitude Sailing, are constructed 
on erroneous principles; and it is also evident that their error must increase 
in proportion as the places are more remote from the Equator; but the 
great inconvenience of using curved lines on a plane surface, induced 
mariners, notwithstanding their incorrectness, to use the Plane Charts, till 
Mr. Gerrard Mercator, about the year 1556, published a chart, in which he 
continued the meridians all parallel to each other, thereby extending the 
degrees of longitude beyond their proper length; but, in order to compen¬ 
sate for this expansion of the degrees of longitude, he enlarged the meri¬ 
dional lines, that is, increased the distance between the parallels, so that the 
proportion between a degree of latitude and longitude might be every where 
preserved on the chart, at the same time that the meridians, parallels, and 
rhumbs would be all projected into strait lines: whence a chart thus con¬ 
structed has obtained the name of Mercator’s Chart. It does not, 
however, appear that Mercator understood the true principles of this 
projection, as he did not enlarge the meridional degrees in their just 
proportion. 

In the year 1599, Mr. Edward Wright, of Caius College, Cambridge, 
published the true principles of Mercator’s Chart, in a work entitled 44 The 
Correction of certain Errors in Navigation where he shewed, by a Table 
of Meridional Parts , the length of the enlarged meridians in miles of the 
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equator to every mmute of latitude, and which Table be constructed accord¬ 
ing to the following principles:— 

It has been already demonstrated in Parallel Sailing, that the length of 
any portion of a parallel is to a similar portion of the equator as the co. sine 
of the latitude is to radius; but the meridians and equator being equal on 
the globe, therefore the length of any portion of a parallel is to a similar 
portion of a meridian, as co. sine of the latitude is to radius; or, which is the 
same thing, as radius is to the secant of the latitude. Now, if the meridians 
are made parallel to each other, the length of a degree or minute of longitude 
will remain the same in every latitude as at the equator, by which they 
will be enlarged beyond their proper length in the ratio of radius to secant 
of the latitude; therefore, the length of the meridional degrees or minutes 
must be likewise increased in the same proportion. Hence the length of 
the first minute, or mile of latitude, from the equator will be represented by 
the secant 1/, (the length of a mile on the equator being radius); the 
second mile by the secant of %; the third mile by the secant of S', &c. • 
consequently the length of the meridional line to any latitude will be equal 
to the sum of the secants of all the intermediate miles between the equator 
and the given latitude. 

This method of constructing meridional parts is not strictly accurate, 
because the secants should be taken to every point of latitude ; but as the 
tables of meridional parts are seldom carried to decimals, the error is of no 
consequence in any navigable latitude. However, more accurate and expe¬ 
ditious methods have been since invented for the same purpose. 

To find the length of the expanded meridian between any two parallels 
of latitude, or, as it is called, the meridional difference of latitude, tne same 
rules are to be observed as in finding the true or proper difference pf 
latitude—that is, if the latitudes are of the same name, the difference of 
their corresponding meridional parts (taken from Table III.); but if the 
latitudes are of contrary names, the sum of those parts will be the meri¬ 
dional difference of latitude. 

From the principles of Mercator’s Chart it is proved, that if a b (see the 
figure in Case I.) represent the true or proper difference of latitude between 
two places, the angle bac the course, a c the true distance, b c the 
departure, as in Plane Sailing ; and if we produce a b to d till it be equal to 
the enlarged or meridional difference of latitude, and draw d e parallel to b c, 
then will de represent the difference of longitude. Now the triangles abc 
and adb arc similar, the angle a being common to both, and the sides b c 
and n e parallel ; therefore, as a b : bc:: ad : d e — that is, as the proper 
difference of latitude is to the departure, so is the meridional difference of 
latitude to the difference of longitude. Hence, likewise, in the triangle a jd e, 
making a d radius, we have—As radius : a d :: tang, angle a : e d ; that 
is, as radius is to mer. diff. of latitude, so is tangent of the course to the 
difference of longitude; or, making a e radius— As co. sine angle a:ad 
she angle a : e d ; that is, as co. sine of the course is to mer. diff. of lati¬ 
tude, so is sine of the course to the diff. of longitude: which proportions, 
with others derived from these triangles, will resolve all the Cases in 
Mercator’s Sailing. 


o 



98 


mebcatok's sailing. 


In the following Cases, except the eighth, the same examples are intro¬ 
duced as in Middle Latitude Sailing, in order that a comparison may be 
made between the two methods. 

CASE I. 

The Latitudes and Longitudes of Two Places given, to find the 
Course and Distance between them . 

Example. Required the course and distance from Cape St. Vincent, in 
latitude 37° S' N. and longitude 9° V W. to Funchal, in Madeira, in lati¬ 
tude 32P 38' N. and longitude 16° 56' W. 

Lat. Cape St. Vine. 37° 3' N. Mer. parts 2396 Long. C. St Via. 9° 1'W. 
Lat Funchal 32 38' N. Mer. parts 2073 Long. Funchal 16 56 W. 


Diff. of latitude 

4 25 

Mer. diff of lat. 323 Diff. of long. 

7 55 


60 

60 

In miles 

265 

In miles 

475 


BY CONSTRUCTION. 

Draw the line a d to represent the meri¬ 
dian of Cape St. Vincent, upon which lay 
off the meridional difference of latitude 
323; on d erect the perpendicular d e 
(Prob. II. or XII. Geom.); make it equal 
to the difference of longitude 475, and 
draw the line a e ; from a to b lay off the 
proper difference of latitude 2(55, and 
through b draw b c parallel to de; then 
will the angle kad be the course, mea¬ 
suring 55° 47', or 5 points nearly, and a c 
the distance, 471 miles. 

BY CALCULATION. 

To find the Course. I To find the Distance. 


As mer. diff. of lat. 323 

Is to radius 

So is diff. of long. 475 

2.50920 

10.00000 

2.67669 

As radius 

li to prop. diff. lat 265 
So is sec. course 55°47 / 

10.00000 

2.42325 

10.25001 


12.67669 

2.50920 


12.67326 

10.00000 

To tang, course 55° 47' 

10.16749 

To the distanoe 471.3 

2.67326 


Hence the direct course from Cape St Vincent to Funchal is S. 55° 47' W. 
or S. W. b. W. nearly, and the distance 471 miles. 
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BY INSPECTION. 

Seek in the Tables for half the mend. diff. of lat. 161. 5, and half the diff. 
of longitude 287. 5, till they are found against each other in the lat. and 
dep. columns: the nearest to these are 160.5 and 237.9 in that page 
marked 56° at the bottom, which is the course; over that course, and 
opposite half the proper diff. of latitude, 132.5 in its column, is found, in 
the disk column, 237, which multiplied by 2, gives the distance required, 
474 miles. 

BY GUNTER’S SCALE. 

Extend from the mer. diff. of lat 323 to the diff. of long. 475 on the 
line of numbers; that extent will reach from 45° to the course 55° 47' on 
the line of tangents. 

Extend from the complement of the course 84P13' to 90^* on the line of 
sines; that extent will reach from the proper diff. of lat 265, to the dis¬ 
tance 471 on the line of numbers. 


CASE II. 

One Latitude, Course, and Distance given, to find the Difference of 
Latitude and Difference of Longitude . 

Example. A ship from latitude 52° 6 / N. and longitude 35° 6' W. 
sails N. W. b. W. 229 miles; required her present latitude and longitude. 


BY CONSTRUCTION. 


Draw the line a d, and make the 
angle d a e equal to the course 5 
points; from a to c lay off the dis¬ 
tance 229, and from c draw c b per¬ 
pendicular to a n; then will a b 
measure the diff. of latitude 127: 
hence the latitude come to is 54° IS 7 , 
and the mer. diff. of latitude 212; 
make a d equal to 212, and draw d e 
parallel to bc; then will the differ¬ 
ence of longitude n e measure 317.3. 



BY CALCULATION. 


To find the Difference qf Latitude . 


As radius 

10.00000 

Is to distance 229 

2.35084 

So is oo. sine coarse 5 pts. 

9.74474 


12.10458 


10.00000 

To the diff. of lat. 127.2 

2.10458 


Tofind the Latitude in, 

Lat. left 52° S' N. Mer. pts. 3675 
Diff. of lat. 2 7 N. 

Lat. in 54 13 N. Mer. pts. 3887 


Mer. diff. of lat. 212 
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Tojind the Difference of Longitude . 

Asr&dius 10.00000 

Is to mer. diff. lat 212 2.32634 

So is tang, course 5 pts. 10.17511 


12.50145 

10.00000 


To diff. of longitude 317.3 2.50145 


Tojind the Longitude in. 
Longitude left 35° S' W. 

Diffof long. 317m. or 5 17 W. 

Longitude in 40 23 W. 


BY INSPECTION. 

Over the course 5 points, and opposite the distance 229, is the difference 
of latitude 127. 2 : hence the latitude come to is 54° 13', and the mer. diff. 
of lat 212 ; then over the course 5 points, and opposite half the mer. diff. 
of lat. 106, in a lat. column, will be found 158. 8 in a dep. column, which, 
multiplied by 2, gives the diff. of longitude 317.6. 


BY GUNTER’S SCALE. 

Extend from 8 points to the complement of the course 3 points on the 
line of sine rhumbs; that extent will reach from the distance 229 to the 
difference of latitude 127. 2 on the line of numbers. 

Extend from 4 points to the course 5 points on the line of tangent 
rhumbs; that extent will reach from the mer. diff. of latitude 212 to the 
diff. of longitude 317. 3. 


CASE III. 

Both Latitudes and Departure given, to Jind the Course , Distance, 
and Difference of Longitude. 

Example. A ship from latitude 49^* 57' N. and longitude 5° IT W. 
sails between the South and West until she arrives in latitude 88P27' N., 
and finds she has made 440 miles of departure: required the course she 
has steered, the distance run, and the longitude she is m. 


Latitude left 
Latitude in 

49° 57' N. 

38 27 N. 

Mer. parts 

Mer. parts 

3470 

2500 

Diff. of latitude 

11 30 

60 

Mer. diff. latitude 

967 

Miles 

690 
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BY CONSTRUCTION. 


Having drawn the line a d, make a b equal to 
the proper diff. of latitude 690; on b erect the 
perpendicular b c, and make it equal to the 
departure 440; also make a d equal to the 
meridional diff. of latitude 967* and draw d e 
parallel to bc; through a and c draw the line 
a e, meeting n r in e ; then will the angle cab 
be the course 82° 81', a c the distance 818. 5, 
and d b the difference of longitude 616. 5. 


A 



BY CALCULATION. 


To Jind the Course . 


As diff. of latitude 690 

2.83885 

Is to radius 

10.00000 

So is departure 440 

2.64345 


12.64345 


2.83885 

To tang, course 32° 31' 

9.80460 


To Jind the Difference qf Longitude* 

As radius 10.00000 

Is to mer. diff. lat 967 2.98543 

So is tang, course 32° 31' 9.80447 


12.78990 

10.00000 


To diff of long. 616.5 2.78990 


To Jind the Distance . 


As sine of course 32° 31' 
Is to departure 440 

So is raaius 

9.73042 

2.64345 

10.00000 


12.64345 

9.73042 

To the distance 818.5 

2.91303 

To Jind the Longitude in 

Longitude left 5° 11' W. 

Diff. of long. 616m. or 10 16 W. 

Longitude in 

15 27 W. 


BY INSPECTION. 

One fourth the difference of latitude and departure, that is, 172. 5 and 
110, are found to correspond nearly under 82° and 38°, the departure 
opposite the difference of latitude 172.5, being too little under 329, and too 
much under 33°: therefore the course is about 32£ degrees, and the dis¬ 
tances answering to these are 203 and 206: their sum 409, divided by 2, 
gives one fourth the distance 204.5, which, multiplied by 4, gives the 
whole distance 818. 


* Or. since the triangles ABC and a D E are similar, the difference of longitude may be 
found independent of the course; for as a B : bc :: al> : de; that is, as the proper 
diff. of lat. is to the dep., so is the mer. diff. of lat. to the diff. of longitude. 
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One fourth the mer. diff. of latitude 841.7, in one of the lat. columns of 
the page marked with the course 38° at the top, gives in the dep. column 
151.0; and the same with the course 83° at the top, gives 156.9; the sum 
of these is 307.9, which, divided by 8, gives 153.9; this multiplied by 4, 
gives the difference of longitude 615. 6. 

BY GUNTER’S SCALE. 

Extend from the difference of latitude 690 to the departure 440 on the 
line of numbers; that extent will reach from 45° to the course 33? SV on 
the line of tangents. 

Extend from the course 38 °SV to 90° on the line of sines; that extent 
will reach from the departure 440 to the distance 818. 5 on the lin* of 
numbers. 

Extend from 45° to the course 38° 31 y on the line of tangents; that 
extent will reach from the meridional diff. of latitude 967, to the difference 
of longitude 616.5, on the line of numbers. 

CASE IV. 

Both Latitudes and Course given, to find the Distance, and 
Difference of Longitude. 

Example. A ship from latitude 48° 85' N., and longitude 15° 6' 
sails N. E. b. E. for several days, and then finds by Observation that she is 
in latitude 46° 80 7 N.: required the distance she has sailed, and her present 
longitude. 

Latitude left 42° 25 / N. Mer. parts 8815 

Latitude in by Obs. 46 20 N. Mer. parts 3144 

Diff. of latitude 3 55 Mer. diff. latitude 329 

60 - 

In miles 235 


BY CONSTRUCTION. 

Draw the line a d, and from a to b lay off 
the diff. of lat. 835 ; on b erect the perpen¬ 
dicular b c, and make the angle bac equal 
to the course 5 points; lay on the mer. diff. 
of lat. 389 from a to d, and through d draw 
d e parallel to b c ; then the distance a c 
will measure 483, and the diff. of longitude 
de 498. 
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BY CALCULATION. 


7*o find the Distance. 1 

I To find the Difference of Longitude. 

As co. sine of course 5 pts. 

9.74474 

As radius 

10.00000 

Is to diff. of latitude 2o5 

2.37107 

Is to mer. diff. of lat. 329 

2.51720 

So is radius 

10.00000 

So is tang, course 5 pts. 

10.17611 


12.37107 


12.69231 


9.74474 


10.00000 

To the distance 423 

2.62633 

To diff. of long. 492.4 

2.69231 

Longitude left 


. 15° e'W. 


Difference of longitude 492 miles, or. 8 12 E. 


Longitude in .. 


..-.. 6 64 W. 



BY INSPECTION. 

Over the course 5 points, and opposite half the difference of latitude 117.5 
in its column, will Be found half tne distance 211 in its proper column; this, 
multiplied by 2, gives the whole distance 422. 

Over the same course, and opposite half the mer. diff. of latitude 164.5, 
found in a latitude column, stands 246.1 in the corresponding dep. column; 
which, multiplied by 2, gives the diff. longitude 493.2. 

BY GUNTER’S SCALE. 

Extend from the complement of the course 3 points to 8 points on the 
line of sine rhumbs; that extent will reach from the difference of latitude 
235 to the distance 423 on the line of numbers. 

Extend from 4 points to the course 5 points on the line of tangent rhumbs; 
that extent will reach from the mer. diff. of lat. 329, to the diff. of lon¬ 
gitude 492. 4 on the line of numbers. 

CASE V. 

Both Latitudes and Distance given, to find the Course and 
Difference of Longitude. 

Example. Suppose a ship from latitude 56° 80' N. has sailed South¬ 
easterly 257 miles, when she arrives at latitude 54P 47' N.: required her 
course steered, and difference of longitude. 

Latitude left 56° 30' N. Mer. parts 4128 

Latitude in 54 47 N. Mer. parts 3945 

Diff. of latitude 1 43 Mer. diff. latitude 183 

60 - 


Miles 103 
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BY CONSTRUCTION. 


Draw die line a d, and from a to b 
lay off the diff. of latitude 108 ; on b 
erect the perpendicular b c, and with 
the distance £57 in the compasses set 
one foot in a, and with the other de¬ 
scribe an arch cutting b c in c, and 
draw the line a c ; from a to d lay off 
the mer. diff. of latitude 183, and 



through d draw d e parallel to b c, meeting a c produced in k ; then the 
course bac will measure 66° ££, and the diff. of longitude d e 418. £. 


BY CALCULATION. 


To find the Course . 


As the distance 257 

2.40993 

Is to radius 

10.00000 

So is diff. of lat. 103 

2.01284 


12.01284 


2.40993 

To co. sine course 60° 22' 

9.60291 


To find the Difference of Longitude. 

As co. sine course 66° 22 / 9.60302 

Is to mer. diff. lat. 183 2.26245 

So is sine course 66° 22 / 9. 96196 

12.22*41 

9.00802 

To diff.of longitude 418.2 2.69199 


CASE VI. 


One Latitude , Course , and Departure given , to find the Distance , 
Difference of Latitude , and Difference of Longitude . 

Example. A ship sails S. S. W. from latitude 51° 15 N., and longitude 
9° 5(Y W. until her departure is £50 miles: required the distance sailed, 
and her present latitude and longitude. 

BY CONSTRUCTION. 

Draw a d, and make a f perpendicular to it, on which 
lay off from a to f the dep. £50; through f draw f c 
parallel to ad, and draw ac, making an angle with a n 
equal to the course £ points, meeting Feme, through 
which draw c b parallel to fa; then will the distance a c 
measure 653, and the diff. of latitude a b 604: hence the 
latitude in is 41° 11', and the mer diff. of lat. 877; from 
a to d lay off 877, and draw d e parallel to b c or f a, 
meeting a c produced in e ; then will the diff. of longi¬ 
tude de measure 363.3. 
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BY CALCULATION. 

To find the Distance. 

As sine of course 2 pts. 9.58284 
Is to departure 250 2.89704 

So is radius 10.00000 


12.39794 

9.58284 


To the distance 653.3 2.81510 


To find the Difference of Longitude. 

As co. sine of course 2 pts. 9.96562 
Is to mer. diff. lat. 877 2.94300 

So is sine course 2 pts. 9.58284 

12.52584 

9.96562 


To the diff. of long. 363.3 2.56022 


VII. 

One Latitude , Distance , and Departure given 9 to find the Course, 
Difference of Latitude , and Difference of Longitude. 

Example. A ship from latitude 54° N., and longitude 33°20 / W., sails 
850 miles between the North and East until she has made 220 miles of 
departure: required the course steered, and her present latitude and 
longitude. 

BY CONSTRUCTION. 

Draw a d and a f perpendicular to it, which 
make equal to the departure 220; through f 
draw f c parallel to ad, and with the distance 
850 in the compasses, set one foot in a, and 
with the other draw an arch cutting f c in c ; 
job a c, and draw b c parallel to af; then the 
course b a c will measure 88° 57', and the 
difference of lat a b 272.2: hence the latitude 
in is 58P 32', and mer. diff. of latitude 490 ; 
from a to d lay off 490, and through d draw 
n e parallel to af or bc, meeting ac pro¬ 
duced in e ; then the diff. of longitude d e will 
measure 396.1. 



To find the Difference of Latitude. 

As sine of course 2 pts. 9.58284 
Is to departure 250 2.39794 

So is co. sine of course 2 pts. 9.96562 

12.36356 

9.58284 


To the diff of lat 603.6 2.78072 


Lat left 51° 15 / N. Mer. pts. 3593 
Diff. lat 10 4 8. 


Lat in 41 11 N. Mer. pts. 2716 
Mer. diff. lat 877 

Longitude left 9° 50' W. 

Diff. of long. 363m. or 6 3 W. 

Longitude in 15 53 W. 


CASE 


p 
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BY CALCULATION, 

To find the Course. I To find the Difference of Latitude* 


As the distance 350 

2.64407 

Is to radius 

10.00000 

So is departure 220 

2.34242 


12.34242 

2.54407 


To sine of course 38° 57* 9.79835 


Lat. left 64° O' N. 
Diff. lat. 4 32 N. 

Mer. pts. 3865 

Lat. in 68 32 N. 

Mer. pts. 4355 

Mer. diff lat. 490 

Longitude left 
. Diff. of long. 396m. 

33° 20' W. 
or 6 36 E. 

Longitude in 

26 44 W. 


As radius 10.00000 

Is to distance 350 2.54407 

So is co. sine course 38° 67' 9.89061 

12.43488 

10.00000 

To the diff. of lat. 272:2 2.43486 

To find the Difference of Longitude, 

As co. sine course 38^57' 9.89061 

Is to mer. diff. lat. 490 2.89090 

So is sine course 38° 57' 9.79840 

12.48800 

9.89061 

To diff. of long. 396.1 2.59779 


CASE VIII. 

One Latitude , Course, and Difference of Longitude given, to find the 
Distance and Difference of Latitude .* 

Example. A ship from latitude 34° 20' N. sails S. 41° W. till her 
difference of longitude is 680 miles: required her present latitude sad 
distance sailed. 

BY CONSTRUCTION. 

Draw a d, and make a f perpendicular to it, p A 

and equal to the difference of longitude 680; 
draw fb parallel to ad, as making an angle 
with a n equal to the course 41°, meeting f b 
in b, and b n parallel to f a; then a d will be the 
mer. diff. of latitude equal to 782; which sub¬ 
tracted from the mer. parts of the latitude left, 

E 'ves the mer. parts of the latitude in : hence the 
titude in is 28° 6', and the diff. of latitude 683. 

Make a b equal to 683, and draw b c parallel to 
b n ; then a c will be the distance measuring 905. E ^ D 



This Case cannot be solved by Middle Latitude Sailing. 
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BT CALCULATION. 


To tfimd the Mer. Diff I of Latitude . 

As radios 10.00000 

Is to diff. of long. 680 2.83251 

So is oo. tang, course 41° 10.06084 


12.80335 

10.00000 

To mer. diff. 1st 782.3 2.80335 


Lat. left 34° 29'N. Mer. pts. 2207 
Mer. diff. lat. 782 

Lat. in 23 6 N. Mer. pts. 1425 

Diff. lat. 11 23 
60 

Miles 683 


To find the Distance . 


As co. sine course 41°. 0.87778 

Is to diff. of latitude 683. 2.83442 

8o is radius . 10.00000 


12.83442 

0.87778 


To the distance 005 . 2.05664 


EXAMPLES FOE EXERCISE. 

1. Required the course and distance from the Cape of Good Hope, in 
latitude 54P £2' S., and longitude 18° 24' E., to the Island of St Helena, 
in latitude 15° 55' S., and longitude 5° 45' W. 

Answer. By Middle Latitude Sailing, the course is N. 49° 51' W., and 
distance 1717 miles.* 

By Mercator's Sailing, the course is N. 49°40'W.,and distance 1710 miles. 

£. Required the bearing and distance of Pernambuco, in latitude 8? 4' S., 
and longitude 34° 53' W., from Cape Verd, in latitude 14P 45' N., and 
longitude 17° 82'W. 

Answer. By Middle Latitude Sailing, the course or bearing from Cape 
Verd to Pernambuco is S. 37° 12' W., and the distance 1719 miles. 

By Mercator's Sailing, thebearingis S. 37°1' W., and distance 1715 miles. 

8. Required the course and distance from Cape Sierra Leone, in latitude 
9° SO 7 N., and longitude 13° 18 7 W., to Cape St Roque, in latitude 5° 2S 7 S., 
and longitude 85° 17' W. i 

Answer. By Middle Latitude Sailing, the course is S. 55°44' W., and the 
distance 1595 miles. 

By Mercator's Sailing, the course isS.55°40 / W^and distance 1592 miles. 

4. Required the course and distance from Cape Ptdmas, in latitude 
4° 24 / N., and longitude 7° 4fr W., to St Paul de Loando, in latitude 
8P 4& S., and longitude 13° 8' E. 

• If the true .middle latitude were found by the proportion given in the note at the bottom 
of page 85 (25° 50'), the answer would be the same a* that by Mercator's Sailing. 

r 2 
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a Answer. By Middle Latitude Sailing, the course is S. 57°42'E., and the 
distance 1482 miles. 

By Mercator's Sailing, the course is S. 57° 4O' E., and distance 1481 miles. 

5. A ship from latitude 29° 47' N., and longitude 24° S& W., sails 
S. S. W. | W. 820 leagues: required her present latitude and longitude. 

Answer. By Middle Latitude Sailing, her latitude in is 1(P 4' N., and 
longitude in 88° 32' W. 

By Mercator's Sailing, her latitude in is 16° 4' N., and longitude in 
83°3S'W. 

6. A ship from latitude 2?5'N., and longitude 22° 30 7 W., sails W. S. W. 
256 leagues: required her present latitude and longitude; also her course 
and distance to St Ann's Island, Maranham, in latitude 2° 15' S., and 
longitude 48° 38' W. 

Answer. By Middle Latitude, or Mercator's Sailing, the latitude in is 
2°49' S., longitude 84P 20 / W.; the course to St. Ann's Island N. 86° 80' W., 
or W. I N. nearly, and distance 556.9 miles. 

7. A ship from latitude 71° 20> N., and longitude 28° lO' E., sails E. S. E. 
until she arrives in the parallel of 70° N.: required her longitude in, with 
her direct course and distance to Cape Sweetnose, in latitude 68° lO' N., 
and longitude 40° 3' E. 

Answer. By Middle Latitude Sailing, the longitude in is 37° 53' E.; the 
course to Cape Sweetnose is S. 22? 53' E. or S. S. E., and the distance 
119* 4 miles. 

By Mercator's Sailing, the longitude in is 37° 54' E.; the course to Cape 
Sweetnose is S. 22? 44'E. or S. S. E., and the distance 119. 3 miles. 

8. Suppose a ship from latitude 9? W N., and longitude 19° 32' W., 
sails in the South-east quarter till she has made 415 miles of departure, 
and is by observation in lat. 2° 19 7 S.: required her course steered, distance 
run, and longitude in. 

Answer. By Middle Latitude, or Mercator's Sailing, her course steered 
is S. 31° 4/ E., distance run 804. 2, and longitude in 12° 36' W. 

9. A ship from latitude 46° 35' N., and longitude 176° 42' W., «ails 
N. W. by W. 4 W. till she arrives in latitude 51° 18' N.: required the 
distance run, and longitude in. 

Answer. By Middle Latitude Sailing, her distance run is 600. S miles, 
and longitude in 169? 52' E. 

By Mercator's Sailing, her distance run is 600. 3 miles, and longitude in 
160? 50 E. 

h 10. A ship from Table Bay (Cape of Good Hope), in latitude 33° £3 / S., 
and longitude 18? 19' E., sails N. W. J W. till she arrives in latitude 
27° 82' S.: required her course and distance to St. Helena, in latitude 
15° 55' S., and longitude 5° 45' W. 

Answer. By Middle Latitude Sailing, the longitude in is 8? 22' E. ; the 
course to St. Helena N. 48? 28' W., and distance 1051 miles. 

By Mercator's Sailing, the longitude in is 8° 22 E.; the course to 
St. Helena N. 48° 24' W., and distance 1050 miles. 
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OP COMPOUND COURSES. 

To find the Difference of Longitude made good upon Compound Courses , 
by Middle Latitude and Mercator's Sailing. 

In the preceding Cases, both of Middle Latitude and Mercator's Sailing, 
we hare always supposed the ship to sail on a direct course; but when she 
makes a compound course, the several courses are to be reduced to a single 
course, as in Traverse Sailing, and then the difference of longitude may l>e 
found either by Middle Latitude or Mercator's Sailing, as will appear by 
the following 

Example. Suppose a ship from latitude 52° 36' N., and longitude 
21°45' W., sails N. E. 86 miles; N. b. W. 14 miles; N. E. b. E. 4 E. 
58 miles; N. b. E. 42 miles; and E. N. E. 29 miles: required her present 
latitude and longitude. 



The difference of latitude 118.8, and departure 109* 0, give the course 
N. 42? 82' E., and distance 161. 2, by Case VI. of Plane Sailing. 

Latitude left 52°36 l N. Mer. pts. 3724 Longitude left 21° 45' W. 

Diff. lat. 119, or 1 59 N. Diff long. 184, o r 3 4 E. 

Latitude in 54 35 N. Mer. pts. 3925 Longitude in 18 41 W. 

Sumoflats. 2)107 11 Mer. diff. lat. 201 

Mid. latitude 53 35 

To find the Difference of Longitude . 

By the Middle Latitude . By Mercator. 

As co. sine mid. lat. 53° 35' 9.77353 As co. sine course 42° 32' 9.86740 

Is to departure 109 2.03743 Is to mer. diff. lat. 201 2.30820 

So is radios 10.00000 So is sine course 42° 32' 9.82996 

12.03743 12 13316 

9.77353 9.86740 

To the diff. of long. 183.6 2.26390 To the diff. of long. 184.4 2.26576 
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BY INSPECTION. 

The co. mid. latitude being about 364°, first look for 36° as a course, and 
for the departure 109 in one of the dep. columns, against the nearest to 
which is 180 in a dist. column; then look for the departure 109 in the page 
with 37° at the top, opposite which stands 181 in a dist column; the sum 
of this and 186 is 367, the half of which is 183.5, the difference of longi¬ 
tude by Middle Lat Sailing: or, the course being 42£°, look in the pages 
with 42° and 43° at the top tor the mer. diff. of latitude SOI in a lat column, 
against the nearest to which will be 181.3 and 187.5 in the corresponding 
dep. columns; the sum of these is 368.8, half of which is 184.4, the diff 
of longitude by Mercator’s Sailing. 

The above method is that generally practised at sea in estimating the 
difference of longitude made good in a days run, being considered sufficiently 
exact for the distance sailed by a ship in that time; but when the distances 
are considerable, especially in high latitudes, it is more accurate to estimate 
the difference of longitude made upon each course and distance, according 
to the following rules. 

I. By Middle Latitude . To the Traverse Table annex a Longitude 
Table, divided into six columns; the first is to contain the latitude left, 
and the several latitudes the ship is in at the end of each course and dis¬ 
tance, estimated by the latitudes left, and differences of latitude in the 
Traverse Table; the second, the sums of each following pair of latitudes; 
the third, half the sums of middle latitudes; the fourth, the complements 
of the middle latitude; and the fifth and sixth columns are to contain the 
differences of longitude. Having found the co. mid. latitudes, with these 
and their corresponding departures in the Traverse Table, find the differ¬ 
ences of longitude, ana place them in the east or west columns, according 
to the name of the departure; then the difference of the sums of these 
columns will be the difference of longitude made good, of the same name 
with the greater. 

II. By Mercator . To the Traverse Table annex a Longitude Table, 
consisting of five columns; the first is to contain the latitude left, and the 
latitudes of the ship at the end of each course and distance; the second, 
the meridional parts corresponding to each latitude; the third, the meri¬ 
dional differences of latitude; ana the fourth and fifth, the differences of 
longitude. 

Having found the meridional differences of latitude, with these and the 
courses in the Traverse Table, find the corresponding differences of longi¬ 
tude, which place in the east or west columns, according as the course is 
easterly or westerly; then the difference between the sums of these columns 
will be the difference of longitude made good upon the whole Traverse, of 
the same name with the greater. 

Note. When the course is north or south, there is no difference of 
longitude; and when it is east or west, the difference of longitude must 
be found* as in Case II. of Parallel Sailing. 
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The differences of longitude may be found by any of the methods given 
in the Sailings; but in the following Example we have used Inspection only. 

EXAMPLE. 

A drip from Hangcliff, in latitude 60P 9" N., and longitude 1° T W., 
sailed a*follows, mx. N.E. b. N. 69 miles; N.N.E. 48 miles; N. b. W. i W. 
78 miles; N. E. 108 miles; and S. E. b. E. 50 miles : required her latitude 
and longitude in. 


BY MIDDLE LATITUDE. 


TRAVERSE TABLE. 


Courses. 


Diff. Lat. 

Departure. 

Lats. 

Sums. 

Mid. 

Lats. 

Co. Mid. 
Lats. 

Diff. Long.] 


N. 

s. 

E. 

W. 

E. 

w. 

N. E. b. N. 

69 

57.4 


38.3 


60° S' 
61 6 

121 

15 

m 

3 7 

o 

29 

23 

78 


N. N. E. 

48 

44.4 


18.4 


61 50 

122 

56 

61 

28 

28 

32 

38 


N.b.W.*W. 

78 

74.6 



22.6 

63 5 

124 

55 

62 

27 

27 

33 


49 

N.E. 

■El 

76.4 


76.4 


64 21 

127 

26 

63 

43 

26 

17 

174 


8.E. b. E. 

Ka 


27.8 

41.6 


Mm 

128 

14 

64 

7 

25 

53 

95 




252.8 

27.8 

174.7 

S3.6 

Longitude 

left 


. i° r 

W. 

385 

49 



27.8 


22.6 


Diff. long. 

m 

1, or 5 

36 

E. 

49 



D.lat 

gg 


152.1 

Dep. 

Longitude in. 

.. 4 29 E. 

336 



LONGITUDE TABLE. 


Course N. 34° E. and Distance 272 miles. 


BY MERCATOR. 


TRAVERSE TABLE. I LONGITUDE TABLE. 

__ II_ 


Course. 

Dist. 

Diff. Lat. 

Departure. 

Lats. 

Mer. 

Parts. 

Mer. 
D. Lats. 

Diff. Long. 1 

N. 

S. 

E. 

w. 

E. 

W. 







60° 9 

4545 




N. E. b. N. 

69 

57.4 


38.3 


61 6 

4662 

117 

78.3 


N. N. E. 

48 

44.4 


18.4 


61 50 

4754 

92 

38.3 


N.b.W.iW. 

78 

74. G 



22.6 

63 5 

4916 

J62 


49.1 

N.E. 

108 

76.4 


76.4 


64 21 i 

5088 

172 

172.0 


S. E. b. E. 

50 


27.8 

41.6 


63 53 | 

5023 

65 

97.3 




252.8 

QD 

174.7 

22.6 

Longitude left... 1° V W. 

385.9 

49.1 



27.8 


22.6 


Diff. long.337, or 5 37 E. 

49.1 



D.lat 

225.0 


152.1 

Dep. 

Longitude in... 4 30 E. 

336.8 



Course N. 34° E. and Distance 272 miles. 


The longitude of the ship, according to the first method, is 4° 17' E. by 
Middle Latitude, and the same by Mercator's Sailing, differing from the 
above 1 & and 18 miles; but as we have already observed, it is seldom neces¬ 
sary to use the latter methods at sea. 















OBLIQUE SAILING. 


OBLIQUE SAILING is the application of oblique-angled plane 
triangles to various cases at sea; as in coasting along shores, approaching 
or leaving the land, surveying coasts or harbours, &c. 

In this kind of sailing, to Met an object , means to observe what rhumb, 
or point of the compass, is directed to it; and the bearing of an object h 
the rhumb on which it is seen; also the bearing of one place from another, 
is reckoned by the name of the rhumb passing through those two places: 
hence the bearing of two places from each other are upon opposite points 
of the compass ; thus, if one place bear E. N. E. from another, the latter 
will bear W. S. W. from the former, being in the same line, but in opposite 
directions. 

A great variety of Examples might be given in this Sailing; but as they 
would rather tend to exercise the learner in Trigonometry than answer 
any direct purpose, we shall select those only that appear to be useful in 
practice. 


EXAMPLE I. 


Sailing down the Channel, I observed the Eddystone bear N. W. b. N.; 
and after sailing W. S. W. 18 miles, I found it bore from me N. b. E: 
required the distance of the ship from the Eddystone at both stations. 


BY CONSTRUCTION. 


Describe the circle N. W. S. E., to 
represent the compass, and draw the 
diameters W. E. and N. S. at right an¬ 
gles to each other; draw the N. W.b.N., 
W.S. W., and N. b. E. rhumb lines,and 
on the W. S. W. line lay off 18 from 
a to b, taken from any scale of equal 
parts; through b draw b c parallel to the 
N. b. E. line, meeting the N. W. b. N. 
line a c in c; then will Arepresent the 
place of the ship at her first station, 
b her place at the second station, and c 
the place of the Eddystone; a c will be 
the shin's distance from the Eddystone 
at the first station, measuring SI miles, 
and b c the distance at the second sta¬ 
tion, measuring £5 miles. 
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BY CALCULATION. 

In the triangle a b c are given the side a b 18 miles, the angle cab 
equal to 7 points, the measure of the arch contained between the N. W.b. N. 
and the W . S. W. lines; the angle abc equal to 5 points, the interval 
between the N. b. E. and the E. N. E. line (being the opposite to the 
W. S. W. rhumb); and the angle bca equal to 4 points, the interval 
between the S. b. W. and the S. E. b. S. lines; to find the sides ac and bc. 


To Jind the Side ac. 

Assrne of angle c 4 points 9.84949 
Is to the side a b 18 1. 25527 

So is sine angle b 5 points 9.91985 

11 17512 
9.84949 


To the side a o 21.17 1. 32563 


To Jind the Side b c. 

As sine of angle c 4 points 9.84949 
Is to the side a b 18 1. 25627 

So is sine angle a 7 points 9.99157 

11.24684 

9.84949 


To the side b c 24.97 1.39735 


Hence the distance of the Eddystone from the ship's first station is 21.17 
miles, and from the second station 24.97, or 25 miles nearly. 


EXAMPLE II. 

Coasting along shore, I observed two Capes: the first bore N. b. E., and 
at the same time the second bore N. E. f E.; now, by the Chart, these 
Capes bear from each other N. W. \ W., and S. E. \ E. (by compass), dis¬ 
tant 21 miles: required my distance from both places at that time. 


viti Cape. 


BY CONSTRUCTION. 

Having drawn the compass 
N.W. S. E., the centre of which is 
to represent the ship's place, draw 
the N.b. E. and N. E. f E. rhumb 
lines ab and ac, being the bear¬ 
ings of the Capes from the ship; 
draw likewise the N. W. J W. and 
S. E. \ E. line, the bearing of the 
Capes from each other, on which < 
from a to d lay off 21 miles, 
the distance between the Capes; 

through d draw d c parallel to the w [- 

N.b. E.line, and through c draw 
c b parallel to the N. W. £ W. and 
S. E. i E. line; then b will repre¬ 
sent the place of the first Cape, c 
the second Cape, ab the distance 
of the first Cape, from the ship, 
measuring 81 miles, and a c the distance of the second Cape, measuring 
27 miles. 



'K/lxj 

s D 


Q 
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BY CALCULATION. 

In the triangle abc are given the angle bac S| points, the arch between 
the N. b. E. and N. E.} E. lines; the angle a b c 5i points, the interval 
between the S. b. W. and S.E. ± E. lines; and the angle acb 7 points, 
the interval between the N. W. i W. and S. W. | W. lines; and the side 
b c £1 miles; to find the sides a b and a c. 


To find the Side a b. 

As sine angle a 3| points 9.82708 
Is to the side b c 21 1.32222 

So is sine angle c 7 points 9.99157 


To find the Side a o. 

As sine angle a 35 points 9.82706 
Is to the side b c 21 1. 32223 

So is sine angle b 5£ points 9. 93335 


11.31379 
9.82708 


11.25557 

9.82706 


To the side a b 30.67 


1.48671 


To the side a c 26.82 


1.42849 


Hence the distance of the ship from the first Cape is 80. 67 miles, and 
from the second Cape 26. 82, or 27 miles nearly. 


EXAMPLE III. 

Being dose in with Dungeness, I ran 27 miles on a direct course to the west¬ 
ward, and then found Beachy Head bear N. N. W.; now the bearing of Beachy 
Head from Dungeness (by compass) is W.-JN., and the distance 29 miles: 
required the course steered, and the distance of the ship from Beachy Head 


BY CONSTRUCTION. 

Describe a circle, and di¬ 
vide it into 4 equal parts by 
the diametersN. S.and W. E., 
the extremes of which will 
represent the cardinal points 
of the compass; and the 
centre of the circle the place 
the ship sailed from (Dunge¬ 
ness); draw the W.^N. line 
a b equal to 29 miles, then 
will b represent the place of 
Beachy Head: through b 
draw b c parallel to the 
N. N. W. line, and with the 
distance run, 27 miles in the compasses, set one foot in a, and with the other 
describe an arch cutting b c in c, and draw the line a c : then will c represent 
the ship’s place, b c the distance of the ship from Beachy Head, measuring 19 
miles, and the angle s a c the course steered from the south, measuring58^39'. 



BY CALCULATION. 

In the triangle abc are given the side ab, equal to 29 miles ; the 
side a c 27 miles; and the angle a b c 5J points, the interval between 
E. i S. and S. S. E.; to find the angle bac, and the side b c. 
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To find the Angle b a c. 

Aa the side a c 27 1* 43136 Angle boa 76° 9' 

Is to sine of angle abo 5f points 9.95616 Angle a b c 5f pts. or 64 41 

So is the side a b 29 1.46240 - 

- Sum 140 50 

11.41856 180 00 

1.43136 - 

- Angle bao 39 10 

Tosineof angle boa 76°9 / * 9.98720 -- ■ 


To find the Side b c. 

As sine of angle abo 5£ points... 9.95616 

Is to the side a c 27 . 1.43136 

So is sine of angle bao 39° 10 / ... 9.80043 


11.23179 
9.95616 


To the side b c 18.86 . 1.27563 


Now the bearing of a b, which is W. £ N. or W. 2P 49 / N., subtracted 
from the angle b a c 8$P 10 / , gives the bearing of a c W. 36° 21' S.; hence 
the course steered is S. 53° 39' W. or S. W. j W., and the distance of 
the ship from Beachy Head is 18.86, or 19 miles nearly. 

EXAMPLE IV. 

At noon St. Alban’s Head bore N. 29 p E., and Portland Lights 
N. 2(P W.; and running N. W., at the rate of 7 knots an hour, at 2 p. m. 
St Alban’s Head bore N. 72° E., and Portland Lights N. 9° E.: required 
the bearing and distance of Portland Lights from St. Alban’s Head. 

BY CONSTRUCTION. 

Draw the compass as before, and let 
the centre a represent the first station, 
from which draw the first bearing a c, 

N. 29° E., and the second bearing a d, 

N. 20° W.; also draw the N. W. line 
ab equal to 14 miles, the distance run 
in 2 hours; then will b represent the 
second station; through b draw b c 
parallel to N. 72° E., and b d parallel 
to N. 9°E‘, meeting the lines ac and 
ad in c and d, and join dc; then will c 
repesent St. Alban’s Head, n Portland 
Lights, and c d their distance, measur¬ 
ing 18.29 miles, the bearing of which 
nil be N.70J 0 W., or W.N.W. ±W. 

* If the above angle b c a be considered obtuse, or 103° 51', the side b c would then 
be 5.938. (See Rules, page 45). 

Q 2 
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BY CALCULATION. 

In the triangle a b c are given the side a b 14 miles, the angle acb equal 
to 48°, the interval between S. 72P W. and S. 29° W.; and the angle aic 
equal to 63°, the interval between N. 79 P E., or E. 189 N. and S. E., or 
S. E. 45° S.; to find the side a c. 


As sine of angle acb 43°. 9.83378 

Is to the side a b 14 . 1.14613 

So is sine of angle abc 63° . 9.94988 


11. 09601 
9.83378 


To the side a c 18.29 . 1.26223 


In the triangle abd are given the side ab 14 miles, the angle abb 
equal to 29°, tne interval between S. 20° E. and S. 9° W.; the angle abb 
equal to 126°, the interval between N. 9° E., or E. 81° N., and S. E. or 
S. 45° E.; to find the side a d. 


As sine of angle adb 29°. 9. 68557 

Is to the side a b 14m. 1.14613 

So is sine of angle abd 126° . 9.90796 


11.05409 
9. 68557 


To the side ad 23.36 . 1.36852 


In the triangle a c d are given the side a c 18. 29; the side a d 28.86; 
and the included angle cad equal to 49°, the interval between N. 29° E. 
and N. 20° W.; to find the angle acd, and the side c d. 


To find the Angle acd. 


Side ad 23.36 
Side ac 18.29 


Sum 41.65 


As sum of the sides ac, ad, 41.65 1. 61962 

Is to their difference 5.07 0. 70501 


Difference 5.07 11.04031 

180° 1.01909 

Angle cad 49 1 

- To tang, of half their diff. 14 57 9.49009 

8um of ADO & DCA 131 ■ " -■ " ■ — 

Half 05 30 1 Sum gives the angle acd 80 97 
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Tojind the Side c d. 


As sine of angle acd 80^ 27' . 9. 99394 

Is to the side a d 23.36 . 1.36847 

So is sine of angle cad 49°. 9.87778 

11.24625 

9.99394 

To the side c d 17-88 . 1.25231 


Now the angle acd 80° 27' added to 29°, the bearing of a c from the 
south, gives the bearing of c d, S. 109° 27' W., which, subtracted from 
180°, leaves the bearing N. 70° 83' W. or W. N. W. i W. nearly: hence 
the bearing of Portland Lights from St Alban's Head is W. N. W. \ W. 
(by compass), and the distance 18 miles nearly. 

Note. In this manner the mutual bearings and distances of any num¬ 
ber of points may be ascertained; but in practice it is more expeditious, 
and in general sufficiently exact, to construct the figure on a proper scale, 
and then measure off the several parts. 

EXAMPLE V. 

Coasting along shore, I struck upon a shoal, and wanting to ascertain 
its situation exactly, I took angles with my sextant, subtended by three 
objects on shore, as a, b, and c, whose relative positions were as follow: 
the distance from a to b was 10 miles, from b to c 6 miles, and the angle 
abc 150°; now the angle, measured at the ship, between a and b, was 24°, 
and between b and c lfr : required the distance of d, the ship's place, from 
each object. 

BY CONSTRUCTION. 

Draw the line a b, 
and make it eaual to 
10; at b make the 
angle abc 150°, and 
draw the line b c 
equal to 6. 

Bisect the line a b 
(Problem I.Geom.), 
and draw the line k f, 
which will be perpen¬ 
dicular to a b ; make 
the angles fab and 
f b a each equal to 
60° (the complement 
of the given angle 
a d&& 4P), and draw the lines af,bf, meeting at f ; then, the triangles akk 
and be f being right-angled at k, the angles afk and bfk will be each 
equal to 24 P 9 and the angle a f b at k 48°, or double the given angle adb. 
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In like manner bisect the line b c, and draw the line l g ; make the 
angles g b c and gcb each equal to 74? (the complement of the given angle 
b d c 16°), and draw the lines bg,cg, meeting at g ; then will die angle 
b g c be S£°, or double the angle bdc. 

With the radius a f, or b f, from f, draw an arch at n. 

With the radius g b, or g c, from g draw an arch, cutting the former one 
at the point n,+ which will be the ship's place. 

Draw the lines cd, b d, and a d, which will be the distances required; 
that is c d will measure 15.17, b d 18.88, and ad!23. 66 , die angle a s> i 
measuring £4?, and the angle bdc 16°.*f* 

Draw the lines fg,fd, and g d. 

BY CALCULATION. 

In the isoceles triangle a f b are given the side a b 10, the angles afi 
48?, and fab 66°, to nnd the side f b 12. £9, equal to the sides f a or f b. 

Or, in the right-angled triangle b k f are given the side bk5 (the half 
of a b), and the angle bfi £4°, to find the side b f !£. £9, equal to the 
sides f a or f d. 

In the isoceles triangle bg c are given the side b c 6, the angles gbc 74?, 
and b g c S£°, to find the side g b 10 . 88, equal to the sides ocaroo. 

Or, in the right-angled triangle b l g are given the side blS (the half 
of b c), and the angle bgl l(r\ to find the side g b 10. 88, equal to the 
sides g c or g d. 

The angle abf 66 °, added to the angle gbc 74°, and their sum 140?, 
subtracted from the angle abc 150?, the remainder will be the angle 
F b g 10°. 

In the triangle f b g are given the side f b 1 £. £9, the side g b 10.88, 
and the angle fbg 10?, to find the angles bfg 50? 11', and bgf 119? 49". 

The triangles fbg and f d g are identical , that is, mutually equal in 
all their parts ; the side f b being equal to the side f d 19. £9, g b to g d 
10 .88, and f g common to both triangles ; therefore, the angle bfg is 
equal to the angle gfd 50° 11', fgb to fgd 119?49', and fbg to 
FOG 10°. 

The angle bfg 50? 11', added to the angle gfd 50?11', their sum 
will be the angle bfd 100 ? ££'. 


* When the arches at d intersect each other at very acnte angles (as in the present 
example), it will be difficult to determine exactly the point of intersection ; the point d may 
in such case be found, independent of the arches, as follows:—From b let fall a perpendicular 
on r o, produced if necessary, and draw the line b d of an indefinite length; then produce 
the lines b f and bg to twice their lengths ; through the ends of these lines draw a line 
meeting the line B d, and it will intersect it at the point D. 

f In Euclid, Book III., Prop. XX., it is demonstrated that “ the angle at the centre of 
a circle is double the angle at tne circumference upon the same base, that is, upon the same 
part of the circumference therefore, the angle a d b is half the angle afi, and the angle 
b d c is half the angle bgc. 
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In theisoceles triangle bf d, the angle bfd 100 ° 22', subtracted from 
18^ (the sum of the three angles), will give the remainder 79? 38', the 
half of which, 39 p 49 / , will be we angle f b d or f d b. 

In the isoceles triangle b f d are given the sides f b and f d 12. 29, the 
angle bfd 100° 22', and the angle fbdotfdb 39° 49 / , to find the ride 
b d 18.88. 

The angle fbd 39° 49', added to the angle eba 66 °, their sum will be 
the angle abd 105° 49 / . 

In the triangle a b d are given the side a b 10, the angle abd 105° 49', 
and the angle adb 24°, to find the side a d 23. 66. 

The angle abd 105° 49', subtracted from the angle abc 150°, the 
remainder will be the angle cbd 44° IV. 

In the triangle b d c are given the side b c 6 , the angle cdb 16°, and the 
angle cbd 44° 11', to find the ride c d 15.17. 

Hence die distance of the ship at d from a is 23. 66 miles, from b 18.88 
miles, and from c 15.17 miles. 

Note. The learner is left to work the proportions by the Rules in 
Trigonometry, the answers to which are given above; but, as observed in 
the last example, it will in general be sufficiently exact to construct the 
figure, and measure off the distances required. 

In this manner rocks, buoys, shoals, or soundings may be accurately laid 
down on adjacent coasts, when the relative positions of three stations on 
shore are ascertained. 


EXAMPLES FOR EXERCISE 

1. Running down Channel, and wanting to take my departure from the 
Lizard, at 2 n. p. m. I observed it bear from me N. b. W.; and after 
sailing W. b. N. i N., at the rate of 8 knots per hour, at 3 h. 30 m. p. m. 
it bore from me N. N. E. £ E.: required my distance from the Lizard at 
the time of taking the second bearing. 

Answer. The distance 17.1 miles. 

2 . Entering the River Thames by night, I observed Orfordness Lights 
bear from me N. b. E. ^ E., and the Sunk Light W. ^ S., the former 
bearing from the latter N. E. b. N. i E., distant 18 miles: required my 
distance from each of the Lights. 

Answer. Distance from Orfordness Lights 14. 54 miles, and from the 
Sunk Light 7.198 miles. 

3. Being off the Burlings (on the Coast of Portugal), I ran 34 miles on 
a direct course between the south and west, and then observed the Rock of 
Lisbon bearing from me S. by E. i E., the Rock bearing from the Burlings 
S. b. W. j W. (by compass), and their distance being 43 miles: required 
the course steered, and my distance from the Rock. 

Answer. The ship's course was S. 32? W. or S. S. W. f W. nearly, 
and my distance from the Rock 12.17 miles. 
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4. Sailing between two small islands, I observed the first bear from me 

S. W. b. W. j W., and the second E. S. E.; aftet running S. b. W. i W. 
15 miles, the first bore from me N. W. b. W., and the second E. J N.: 
required the bearings, and distance between the islands. 

Answer. The first island bore from the second N. 84P 28' W., the 
second from the first S. 84° 28' E., and their distance was 42. 49 miles. 

5. Two ships, a and b, sail from the same port c; a sail a N. E. b. N. 
84 miles, and b sails S. E. 76 miles: required their bearings, and distance 
from each other. 

Answer. Bearing of a from b N. 3° 164' W., of b from a S. SP l6i'E., 
and their distance 123. 8 miles. 

6. Being off the Coast of South America, in latitude 47° 4' 30" S., and 
longitude 65° 26' W., I found the (true) bearing of Cape Blanco to be 
W. 20° S., and after running S. 12° SO' W. 82 miles, the Cape bore 
N. 34° W.: required the latitude and longitude of the Cape. 

Answer. The latitude of Cape Blanco is 47° 12' 42 ' S., and longitude 
65° 59' W. 

7. Wanting to know the distance of a ship at anchor from the shore, 
I chose two stations, a and b, that were distant from each other 2. 5 miles. 
From the station at a, I took with a sextant the angle subtended by the 
station at b and the ship, and found it to be 64° 15'; then from the station 
at b, I found the angle between the station a and the ship, 73° 55' ; required 
the distance of the ship from both stations. 

Answer. The distance of the ship from the station at a was 3. 602, and 
from the station at b, 3.376 miles. 

8. Sailing along a coast, I observed two objects, a church and a mill, 
in one, the church being the nearer object; and at the same time I measured 
the angle subtended at the ship by the church and a tower on the coast, 
and found it to be 25° 36'; now, by a chart, the distance from the church 
to the tower was 1. 5 mile, from the church to the mill. 75 of a mile, and 
from the mill to the tower 1. 9 mile : required the distance of the ship from 
the church and the tower. 

Answer. The distance of the ship from the church was 3.459 mil#* 
and from the tower 3.246 miles. 

9* From Winterton Lighthouse to Hasborough High Lighthouse the 
bearing and distance are N. 41° 40' W. 8.54 miles, and from the latter to 
Cromer Lighthouse N. 51° 6' W. 9* 64 miles; from Hasborough Light- 
vessel, the angle between Winterton and Hasborough Lighthouses, mea¬ 
sured by a sextant, was 28° 35', and between the latter and Cromer Light 
59 p S': required the bearings and distances from the light-vessel to the 
three above-mentioned lighthouses. 

Answer. From Hasborough Light-vessel to Cromer Lighthouse the 
bearing and distance are S. 76° 7 W. 10.42 miles; from the same to Has¬ 
borough Lighthouse, S. 16° 59' W. 8. 943 miles; and from the same to 
Winterton Lighthouse, S. 11° 36' E. 15. 24 miles. 

Note. The above is worked similar to Example V., page 117. 
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CURRENT SAILING is the method of determining the true course 
and distance of a ship, when her own motion is affected and combined with 
that of a current. 

A Current is a progressive motion of the water,causing all floating bodies 
to move that way towards which the stream is directed. The setting of a 
current is that point of the compass towards which the water runs; and its 
drift is the rate at which it runs per hour, or in any other given time. 

The most usual method of ascertaining the set and drift; of an unknown 
curontis to take a boat, in calm weather, a small distance from the ship, and, 
being provided with a half-minute glass, a log, a heavy iron pot, or someheavy 
piece of metal, and a small boat-compass, to let down the pot, or weight, by 
a rope fastened to the boat's stem, to the depth of about 100 fathoms, by 
which the boat will remain nearly as steady as at anchor; then the log 
being hove, its bearing will be tne setting of the current, and the number 
of knots run out in halt-a-minute will be its drift per hour. 

The current being known, it remains to apply its effects on a ship's way, 
which will depend on the direction and velocity of both, with regard to each 
other. If a ship sail in the direction of the current, it is evident that the 
velocity of the current must be added to that of the vessel; if her course 
be directly against the current, their difference will be the ship's true 
velocity; but if a ship's course be oblique to the current, her direction by 
the compass will be compounded with that of the current; that is, she will 
proceed in the diagonal of the parallelogram formed according to the two 
tines of direction, and will describe, or pass over, that diagonal in the same 
time in which she would have described either of the sides by the separate 
velocities. For let a b c d be a parallelogram, the diagonal of which is ad. 
Now if the wind alone would drive the ship 
from a to b, in the same time the current 
alone would drive it from a to c, then as the 
wind neither helps nor hinders the ship from 
coming towards the line c d, the current will 
bring it there in the same time as if the wind 
did not act; and as the current neither helps 
nor hinders the ship from coming towards the 
line b d, the wind will bring it there in the 
same time as if the current did not act 
Therefore, the drip must, at the end of that 
time, be found in both those lines, that is, in 
their meeting d : consequently, the strip 
must have passed from a to d in the diagonal 
line ad. Hence the ship's true distance 
will be the third side of a triangle, whereof the other sides are the distance 
by the log and the drift of the current, and the true course will be the 
angle between that third side and the meridian. 

R 
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EXAMPLE I. 

A ship sails N. W. 60 miles, in a current that sets S. S. W. 25 miles in 
the same time: required her course and distance made good. 


BY CONSTRUCTION. 

Having drawn the compass, 
set off 4 points from the North 
towards the West, and draw the 
N. W. line a b, which make 
equal to 60 miles, the distance 
run by the log; through b draw 
b c parallel to the S. S. W. and 
N. N. E. line, and equal to 25 
miles, the set and drift of the 
current: now a c being joined, 
will be the true distance, mea¬ 
suring 55.48 miles, and the 
angle n a c the true course 
N. 69°S6'W. 


B 



BY CALCULATION. 


In the triangle a b c are given the side a b 60, the side b c 25, and the 
included angle abc 6 points, or 67° 30', to find the angle b a c and the 
side a c. 

To Jind the Angle bao, 


Side a b... 60 As the sum of a b, b c 85 . 1.92949 

Side bc ... 25 Is to their difference 35 . 1 . 54407 


SO o^fes 0 I^dc e8Um }^ 16 '. la 17511 


Difference 35 

18(POO' 

Angle b . 67 30 

- To tang, of half the diff. ... 31 39 

Sumofang.A&c 112 30 - 

Half . 56 15 Diff. gives angle bac . 24 36 

Angle nab . 45 0 


11.71948 
1.92942 


9.78976 


Sum gives the angle n a c 69 36 


To Jind the Side A c. 


As sine of angle a 24° 36'. 9.61939 

Is to the side b o 25m. 1.39794 

So is sine of angle b 67° 30 / . 9. 96562 


11.36356 
9.61939 


To the side a c 55. 48 


1.74417 
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Hence the course made good, n ac, is N. 69° 86 / W. or W. N. W. \ W. 
nearly, and the distance a c 55 miles and a half. 

But the most usual, and the easiest way of allowing for the effects of a 
current, is to consider the setting and drift as a course and distance, and 
enter it accordingly in a Traverse Table; then the whole difference of lati¬ 
tude and departure will give the true course and distance. By this method 
the preceding example is thus worked: 


Courses. 

Distance. 

Difference of Lat. 

Departure. 

N. 

s. 

E. 

W. 

N.W. 

60 


HU 


42.4 

8. 8. W. 

25 


■ 


9.6 

(Current.) 



1 





^9 





Diff. of Lat. 

SH 

II 

Dep. 

52.0 


The difference of latitude a d 19* 3, and the departure c d 52, give the 
course dac, N. 69 p 38' W., and the distance ac 55. 46, by Case VI. in 
Plane Sailing. 


EXAMPLE II. 


Suppose a ship in 24 hours sail as follows: S. W. 40 miles, W S. W. 
27 miles* and S. by E. 47 miles, being all that time in a current setting 
S. E. b. S., at the rate of 1£ mile per hour: required her direct course, ana 
distance made good. 

w 


BY CONSTRUCTION. 

Draw the compass, and lay off die seve¬ 
ral courses and distances, as in Traverse 
Sailing; then will d represent the place 
of the ship by the log: from n draw n c 
parallel to the S. E. by S. line, and equal 
to 36 miles, for the setting and drift of the 
current in 24 hours; then will c be the 
ship’s true place, the angle b a c the true 
course, measuring 11° 50* 9 a c the dis¬ 
tance 117, ab the difference of latitude 
114.6, and b c the departure 24 miles. 
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BY CALCULATION. 

With the several courses and distances by the log, the direct course d a s 
and distance a d may be found; then, m the triangle a d c wilt be 
given the angle adc, and the sides ad, d c, to find the angle dac, which 
subtracted from das, will give the true course sac, and the side a c the 
true distance. But the solution of this triangle we shall leave to the learner, 
and work the question, by allowing for the set and drift of the current in 
the Traverse Table. 


Courses. 

Distance. 

Difference of Lat. 

Departure. 

N. 

s. 

£• 

w. 

8. W. 

W. S. W. 

S. b. E. 

S. E. b. S. 
(Current.) 

40 

27 

47 

36 

Diff. lat. 

28.3 

10.3 
46.1 
29.9 

9.2 

20.0 

28.3 

249 

114.6 

29.2 

Dep. 

53.2 

29.2 

24.0 


The difference of latitude a b 114.6, and the departure b c 24.0, give 
the true course cab S. 11° 50' W., or S. b. W., and the distance ac 
117.1 miles, by Case VI. in Plane Sailing.* 


EXAMPLE III. 

A ship sailing in a current has, by her Reckoning, run S. b. E. 42 miles; 
but by Observations, finds she has made 55 miles of southing, and 18 miles 
of westing: required the set and drift of the current. 


BY CONSTRUCTION. 

Having drawn the compass, set off 1 point 
from the South towards tne East, and draw 
the S. b. E. line a c, which make equal to 
42 miles; through c draw the line c b 
parallel to the East and West, then will a b 
be the difference of latitude 41.19, and b c 
the departure 8.19, made by the log. 

From a to g lay off 55, the diff. of lat. by 
Observation, and through g draw a line paral¬ 
lel to the East and West; from g towards f 
lay off 18, the true departure, and draw the 
line c f. From c draw a line parallel to a g, 
meeting the line f g produced, in d : then 
the angle fcd will be the setting of the cur¬ 
rent, measuring S. 62? 12' W.; and the side 
c f die drift, 29- 59 miles. 
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BY CALCULATION. 

In die triangle a b c are given the course bac 1 point, and the distance 
ac 42 miles, to find the difference of latitude ab 41.19, and the departure 
bc 8.19. 

Subtract ab 41.19 S., the difference of latitude by the log, from a g 
55 S., the difference of latitude by observation; and the remainder b g 
18.81 will be what the ship is to the southward of her reckoning. 

To the departure bc (equal to gd) 8.19 E., add the departure fg 
18 W., and the sum f d 26. 19 will be what the ship is to the westward 
of her account. 

The difference of latitude on (equal to bg) 18. 81, and the departure df 
26L19, give the angle or course S. o2° 12' W., and the side c f, or distance 
29.59, for the setting and drift of the current 

EXAMPLES FOE EXERCISE. 

1. A ship sails by her log N. W. b. N. 72 miles, in a current that sets 
W. N. W. 36 miles m the same time: required her course and distance, 
corrected for the effect of the current. 

Answer. The course made good is N. 44° 51/ W., or N. W. nearly, and 
distance 104 miles. 

2 . A ship sails E. b. N. 7.5 knots an hour, in a current setting S. W. 
4 knots an hour: what will be her course and distance made good in 
24 hours ? 

Answer. The course will be S. 78° 12' E., or E. S. E. $ E. nearly, and 
the distance 113. 5 miles. 

3. A ship sailing at the rate of 9 knots an hour, and wanting to double a 
Cape bearing from her N. W. b. W., finds she is in a current setting S. S. W. 
^ miles an hour: what course must she steer to counteract the effect of 
the current ? 

Answer. The course she must steer for the Cape is N. 36° 43' W., or 
N. W. | N. nearly. 

4. A ship sailing by her log 9 miles an hour, is bound to a port which lies 
N. W. b. N. from her, distant 56 miles, and finds she is in a current setting 
N. E. £ N. 8 miles an hour: what course must she steer in the current, 
and distance make good, and how long will it take her, to arrive at her 
port? 

Answer. The course to be steered is N. 53° 12' W., or N. W. £ W.; 
the distance to run 53.64 miles, and the time it will take, nearly 6 hours. 

5. A ship bound from Bombay to England, being on the edge of the 
Bank of Agulhas on April 21st, at noon, was, by Observation, in latitude 
35° S' S., and in longitude, by Chronometer, 26° 52 / E.; on the 22d, the 
latitude, by Observation at noon, was 35° 13' S., and the longitude, by Chro¬ 
nometer, 25° 5 E.; having sailed by her Reckoning N. 81° W. 39 miles: 
required the set and drift; of the current 

Answer. The current set S. 71° 49' W., or W. 18° 11/ S., and its drift 
in 24 hours was 51.57 miles, being at the rate of 2.15 per hour. 
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DESCRIPTION AND USE OF CHARTS. 


CHARTS are marine Maps, representing the whole or part of the surface 
of the water, and adjoining coasts; and exhibiting isles, rocks, shoals, banks, 
depths of water, rhumb-lines, and whatever other particulars may serve to 
direct the mariner on his voyage, or point out the dangers to be avoided: 
they are principally of two kinds, Plane and Mercator's. 

OF PLANE CHARTS. 

A Plane Chart is constructed on the supposition that the surface of the 
earth is an extended plane, the meridians all parallel strait lines, and the 
parallels of latitude at equal distances, and consequently that the lengths of 
the degrees of latitude and longitude are every where e^uaL But as the 
earth is spherical, and the meridians meet at the Poles, it is evident that 
charts constructed on this principle must be erroneous ; for in them the 
difference of longitude, or distance between two meridians at the equator, is 
considered as the meridian distance in all latitudes. Hence, the position of 
places laid down on these charts, according to their latitudes and longitude!) 
will vary more or less from the truth, both in bearing and distance. However, 
where tne chart extends but a few degrees on either side of the equator, the 
error will be trifling; because near the equator the meridians are nearly 
parallel to each other; or if it begin at any considerable distance from the 
equator, and extend only a few degrees of latitude, the error may in a great 
measure be obviated, by making the length of the degree of longitude equal 
to the co. sine of the mean latitude, one degree, or 60 miles, being radius. 
These charts, from their erroneous principles, being of little or no use in the 

P ractice of Navigation, have been totally rejected since the introduction of 
lercator’s projection. 

Plane Charts, which are constructed on the assumption that small por¬ 
tions of the earth’s surface are planes, are called Coasting Charts : in 
these neither latitudes nor longitudes are in general taken into consideration. 
They are usually drawn on a large scale, for the direction of mariners when 
near the land; and will not deviate much from the truth, either in bearing 
or distance, when they do not comprehend any great extent of coast 

In these charts places are laid down according to their bearing sod 
distance from each other. The configuration of the coast, and other 
particulars, are taken from the best surveys, or such information as can be 
most depended upon. 


OF MERCATOR’S CHARTS. 

Mercator’s Charts are constructed on the supposition that die earth h 
spherical. In these charts the meridians and parallels are strait lines, at 
nght angles to each other; but the distances between the parallels are 
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increased towards the Poles, in order to compensate for the expansion of 
the meridian distances, by which indeed those Countries situated far from 
the equator become distorted, or considerably enlarged beyond their 
relative size, with respect to those nearer the equator; notwithstanding 
which, the bearings and distances of places may be easily and accurately 
found by these charts. 

The following is the method of constructing a chart on Mercator's 
projection. 

Having first determined the limits of the proposed chart, that is, the 
number of degrees and minutes it is to contain, both of latitude and longi¬ 
tude, and the degree of each it is to commence from, take out the meridional 
parts from Table III., corresponding to each degree of latitude within the 
intended limits, and find the difference between the meridional parts of each 
succeeding latitude; but if the scale of the chart be small, the meridional 
parts, with their differences to every fifth or tenth degree, may be taken. 
Reduce the difference of the meridional parts into degrees, by dividing them 
by 60. Draw a line near one of the margins of the paper, to represent the 
parallel of the least latitude, on which lav off the proposed number of 
degrees of longitude, taken from a scale of equal parts, and number them 
at every fifth or tenth degree. From each end of this parallel draw perpen¬ 
dicular lines for the extreme meridians, and make them equal to the 
difference of the meridional parts of the extreme latitudes, taken from the 
scale of longitude, or graduated parallel; join the ends of these meridians 
by a strait line, which will represent the other extreme parallel, and is to be 
divided in the same manner as the first parallel. 

Take the meridional difference of latitude between the least latitude and 
the next fifth or tenth degree of latitude, from the divided parallel, and 
lay it off from the first parallel on each of the extreme meridians. In like 
manner, the meridional difference of latitude between each successive five or 
ten degrees is to be taken from the graduated parallel, and laid off and 
numbered on the meridians; but if the chart be drawn on a large scale, the 
meridional differences of latitude between each degree are to be laid off. The 
spaces are then to be subdivided into degrees or miles. 

Through each fifth or tenth degree of latitude and longitude draw 
meridians and parallels; or through each degree, if the scale will permit, 
without crowding the chart with a multiplicity of lines. 

The principal points in the charts are now to be laid down according to 
their respective latitudes and longitudes, and connected either by obser¬ 
vations made on the coast, agreeably to the directions given for surveying 
coasts and harbours, or from the best charts 

One or more compasses are to be inserted in the most convenient parts 
of the chart, and the rhumb-lines extended to the coast. The variation of 
the compass is to be set down in places where it is well ascertained. Currents 
are to be denoted by darts. The best anchorages, soundings, times of high 
water, &c. are all to be marked in their proper places. For further par¬ 
ticulars, see Maritime Surveying . 

In order to illustrate die above Rules, let us take an Example. Suppose, 
for instance, it be required to draw a chart extending from 2 degrees ot east 
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longitude to SO degrees of west longitude, and from 10 degrees to 5T degrees 
of north latitude. (See Plate IV.) 

Having drawn the bottom marginal line to represent the parallel of 
10 degrees, divide it into 82 equal parts, the number of degrees of longitude 
the chart is to contain; and at each end erect a perpendicular line. 

Take out the meridional parts corresponding to every fifth degree, and 
set them down with their differences in the following order: 


Latitudes. 

Merid. Parts. 

10 ° . 

... 603 

15 . 

... 910 * 

20 ........ 

... 1225 * 

25 . 

... 1550 * 

30 . 

... 1888 ’ 

85 . 

... 2244 * 

40 . 

... 2023 ’ 

45 . 

... 3030 * 

50 . 

... 3474 ' 

55 . 

... 3968 ' 

57 . 

... 4183 ’ 


307 = 
815 = 
385 = 
338 = 
356 = 
379 = 
407 = 
444 = 
494 = 
215 = 


5 ° r 
5 15 
5 85 
5 88 

5 50 

6 19 

6 47 

7 24 

8 14 
8 35 


Now take the first difference 5° T in the compasses from the divided 
parallel, and lay it off on both meridians from 10° to 15°; from 15° to 
lay off the next difference 5° 15', taken from the same parallel, and so 
proceed to the latitude 57°; through each of these corresponding points 
draw lines, to represent the respective parallels of latitude, and subdivide 
the extreme meridians into degrees. Divide the parallel of 57° in the same 
manner as that of 10°, and draw meridian lines through every fifth degree, 
numbering them as on the chart. 

The principal points are to be laid down agreeably to their latitudes and 
longitudes, through which the coast is to be drawn; and the various par¬ 
ticulars are to be inserted, as rocks, shoals, islands, a compass, &c. which 
will be best understood by inspecting the chart. 


USE OF MERCATOR’S CHART. 

To find the Latitude and Longitude of a Place on the Chart* 

With a pair of compasses take the least distance between the given place, 
and the nearest parallel of latitude; apply that distance, the same way, on 
one of the graduated meridians, one foot of the compasses being fixed at 
that point where the parallel cuts the graduated meridian, and the other 
will snew the latitude of the place. 

The least distance between the given place and one of the nearest 
meridians being applied in the same manner to either of the graduated 
parallels, will point out the longitude of the place. 

For example. The least distance between Cape St. Vincent and the 
parallel of 35° on the chart, being taken and applied to one of the graduated 
meridians from the same parallel upwards, will give its latitude about 
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8? degrees N.; and the least distance between die same Cape and the 
meridian of 10°, being applied to either graduated parallel, towards the 
right from that meridian, will give its longitude 9° West 


To lay doum upon the Chart any Place whose Latitude and 
Longitude are given . 


Lay the edge of a scale over the parallel of the given latitude, and with 
a pair of compasses take, from one of the divided parallels, the distance 
between the given longitude and the nearest meridian line: this being applied 
along the edge of the scale, from that point where the scale intersects the 
meridian line, the same way that the longitude lies, will point out the place 
required. 


Example. Suppose a ship be in latitude 52°30' N.,and longitude 28° W.: 
required its situation on the chart. 

Lay the edge of the scale over latitude 52° SO' N., and take from one of 
the divided parallels the distance between the meridian of 20°, and the 
longitude 23°; this being laid off along the edge of the scale, towards the 
left, from the meridian of 20°, will give the ship's place at a. 

In this manner a ship's track is usually pricked off at sea, her latitude 
and longitude being laia down every day at noon; and the ship's places 
connected by pencil-lines drawn between them. 


To find the Course or Bearitig between two Places on the Chart. 

Lay the edge of a scale over the given places, and take the least distance 
between the centre of one of the compasses drawn on the chart, and the 
edge of the scale; move this extent along, so that one point of the compass 
may touch the edge of the scale, while the other is to be kept in a perpen¬ 
dicular position to it, with respect to the edge of the scale; then that other 
print will generate an imaginary line, passing through the centre of the 
compass on the chart, which will shew the course or bearing. 

Or, with a parallel rule, lay one of its edges over both the places; then 
move the two parts of the rule in succession, until the edge of one of them 
pass through the centre of a compass on the chart; and that edge will 
print out the course. 

To find the Distance between any two Places on the Chart 

1* If the given places lay under the same meridian, find their latitudes 
on the chart; ana the difference or sum of these, according as the places 
lay on the same, or on different sides of the equator, will give the distance. 

2. If the given places lay in the same parallel of latitude, take half the 
Stance between them, and placing one foot of the compasses in the 
graduated meridian on their latitude, observe what latitudes the other foot 
Prints to, both above and below: the difference between these will be their 
distance. 

a 
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' 3. But if the given places differ both in latitude and longitude, take the 
distance between them, and apply it to either of the graduated meridians, so 
that one foot of the compasses may be as much above one place as the other 
is below the other place; then the degrees or minutes contained between 
the points of the compasses, will be the distance required, which may be 
reduced to miles or leagues. 

But if the places lay nearly in a parallel, and their distance be consider¬ 
able, it will conduce to accuracy if the middle latitude between the two 
places be found; then half their distance being applied alternately above 
and below the middle latitude, will give the distance: 

Or, a degree may be taken near the middle parallel, and the number of 
these degrees qnd parts contained between the two places being measured 
along the edge of tne scale, will give the distance. 

The distance may also be found in the following manner:—Find the 
difference of latitude between the given places, and take it from the 
equator, or one of the graduated parallels; then lay the edge of a scale 
over the given places, and move or slide one point of the compasses along 
the edge of the scale (keeping both points parallel to the meridians), until 
the other point just touch a parallel. Now, the distance between the 
place where the point of the compasses rested, and the point of intersection 
of the edge of the scale and parallel, being applied to the equator, or one 
of the graduated parallels, will give the distance in degrees and parts, which 
may be reduced to miles. 

Example. Required the course and distance from Cape St Vincent to 
the east end of the Island of Madeira. 

Lay the edge of a scale over the two places, and take the least distance 
between it and the centre of the compass; then sliding one point along the 
edge of the scale, the other will shew the course to be S. W. b. W. nearly: 
the extent between the two places being taken with the compasses, and 
applied to one of the graduated meridians, will reach from 31° to about 
3# 40', being an interval of 7° 40': hence the distance is 460 miles. 

Or, take the difference of latitude between the two places, which is 4° 19', 
from either of the graduated parallels, and laying the edge of the scale over 
the two places, move one point of the compasses along it until the other 
just touch a parallel, as that of 35°; then the extent between the place 
where the foot of the compasses rested, and the point where the scale cuts 
the parallel of 35°, being applied to the graduated parallel, will give the l l 
distance 7° 40^ or 460 miles, as before. J 

The Course steered , and Distance run from any given Place , being * 
known , to find the Ship's Place on the Chart . j 

Lay the edge of the scale over the given place in the direction of the { 
ship's course; then take the distance run from that part of one of the 
graduated meridians opposite the given place and the supposed place of the * 
ship, which lay off from the given place along the edge of the scale, and it j 
will shew the place of the ship. Or, placing the scale as before directed, | 
take the given distance from one of the graduated parallels; put one foot j 
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of the compasses in that point of a parallel that is cut by die edge of the 
scale, and the other foot will reach to a certain place along die edge of the 
scale. Now this foot remaining in the same position, draw in die other 
point of the compasses until it lust touch the above parallel, without cross¬ 
ing it; apply this extent to the graduated parallel, and it will give the 
difference of latitude: hence the latitude in will be known, through which 
a parallel being drawn, that point where it intersects the edge of die scale, 
will be the ship's place. 

Example. Suppose a ship sail N. W. b. N. 400 miles from Cape Blanco: 
required her place on the Chart. 

By either of the above methods the ship's place will be found at b, in 
latitude 20° 23 N., and in longitude 21° 1 O' W. 


MARINE SURVEYING. 


Notwithstanding the great importance of accurate surveys of the 
various coasts and harbours that are frequented by mariners, it must be 
confessed that the manner of executing this branch of the nautical Art 
lias been but little attended to, and that the opportunities which so 
frequently occur to seamen of adding to our present stock of geographical 
knowledge, are almost entirely neglected, or at least such incorrect 
observations made, as can be or little service to the attainment of truth. 
We therefore think it proper, before we proceed to the astronomical part 
of the Work, to lay down a few general directions, illustrated by proper 
examples, shewing how a coast or harbour may be easily surveyed with 
such instruments as are commonly used at sea; and we shall at die same 
time explain the method of delineating the observations on paper.* 

To survey a Bay or Harbour. 

Take a general view of the place, by walking or sailing round it. During 
this time make a rough sketcn of the coast, carefully drawing the various 
projections and bendings, and noting whatever is remarkable. On the prin¬ 
cipal points and curves place station-staves, or strait poles, high enough to 
be seen at a considerable distance; and, to render these more conspicuous, 
fasten a piece of white bunting to the top of them: if there be a tree, 
house, or other remarkable object at any of these places, it may serve 
instead of a station-staff; these are all to be marked down on the eye-sketch, 
either with letters or numbers, in order to distinguish them. 

* Those who are desirous of obtaining further information on this subject, may consult 
the following Works :— 44 A Treatise on Marine Surveying, by Murdoch Mackenzie, Sen., 
corrected and republished, with a Supplement, by James Horsburgh, F. R. S., &c.” and 
•‘An Introduction to the Practice of Nautical Surveying, and the Construction of Sea Charts; 
translated from the French of C. F. Beautemps-Beaupre, by Captain R. CoDeland, R. N. M 
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Prooeed nofw to determine the position of die stations by observations 
made either on shore or on the water. In the former case, find a level spot 
of ground near the shore whereon a base-line may be measured, which base¬ 
line must be so situated, that the whole, or the most part, of the stations, or 
remarkable objects, may be seen from both the extremities; and its length 
and direction, if possible, such, that the angle contained between it and any 
of the station-staves taken from one end, may differ at least ten degrees 
from the same taken from the other end thereof. Then set up two station- 
staves; the further these are from each other, in general, the better; care¬ 
fully measure their distance either by a chain, a measuring pole, or a niece 
of log-line divided into feet, and observe their bearing as accurately as 
possible by an azimuth compass. 

If a base-line of sufficient length cannot be taken in one right line, two 
adjoining lines and their included angle may be measured, ana the distance 
between their extremes found either by construction or computation, which 
may be considered as a base: the bearing of this line may be ascertained 
from that of one of the measured lines and the adjacent angle. 

When the survey cannot be taken on shore, (which, however, is always 
to be preferred, on account of the superior accuracy with which tne 
observations can be made), a base-line may be laid down on the water, by 
mooring two buoys in the most convenient situations, and measuring, as 
accurately as possible, their bearing and distance from each other. 

Having fixed upon a base-line, from each extremity, observe the bearing 
of the several remarked objects, and note them down in their proper order; 
or rather, with a Quadrant or sextant, observe the angles formed between 
the base-line and lines drawn from each end to the several stations. If 
any of the angles exceed the limits of the instrument, it may be measured 
at twice, by taking the angular distance of some intermediate object from 
each extreme object These bearings or angles are all to be entered on 
paper, as they are taken, and distinguished by the letters marked on the 
rough sketch. 

If any of the objects be not visible from both or either end of the base¬ 
line, their positions must be ascertained by angles taken from stations 
whose situations are already known. Sometimes it will be necessary to 
measure out a new base, which is to be connected, if possible, with the 
first base, either by angles taken from both extremities of the first base, 
or from one extremity and a station-staff, or from two station-staves whose 
positions have been previously determined. 

When the survey is made by base-lines on the water, if all the principal 
points cannot be seen from two stations, moor as many buoys as are neces¬ 
sary, and observe their bearings and distances from each other, which set 
down in the manner of a Traverse; bearings or angles being then taken 
from any two of them whose situations have been determined, will give the 
positions of the places required. 

Having proceeded so far on the survey, it will be proper to lay down die 
observations on paper; for which purpose describe a circle with the chord 
of 60°, and through its centre draw the magnetic north and south line: on 
this circle lay off the bearing of the base, and draw a line parallel to it on 
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a convenient part of the paper, to represent the position and length of the 
base. From each end of the base draw lines parallel to the respective observed 
bearings, previously laid down on the circle; or if angles between the base¬ 
line and the stations be observed, a circle is to be drawn at each end of the 
base on which they are to be laid off; then the intersection of each pair of 
corresponding lines will give the position of the stations, between each of 
which the configuration of the coast is to be drawn from the sketches 
already made. 

Now sail about the harbour at low water, and take the soundings or 
depths of the sea, observing whether the ground be rocky, sandy, shelly. 
See, At the place where each sounding is taken, observe the bearings of two 
remarkable objects, whose positions had been previously determined: hence 
its situation may be laid down on the chart, where the depth of water is 
to be denoted by small numeral figures. In like manner determine the 
situation of rocks, shoals, anchoring-places, &c. that may be in or near the 
harbour, and mark them down accordingly*. Observe the set and velocity 
of the tide of flood, by heaving the log while at anchor, find denote the 
same on the chart by small darts. The time of high water, at new and 
full moon, is to be inserted in Roman numeral letters; rocks are to be 
denoted by small crosses; sands by dotted shading; good anchoring-places 
by a small anchor, and stopping places by a small anchor without a stock. 
Whilst going on with the necessary operations on the water, take particular 
care, on coming near the shore, to correct the outline of the chart, by 
observing the inflection, creeks, &c. more minutely. 

In a small sailing vessel go out to sea, and take drawings of the appear¬ 
ance of the land, with its bearings. Sail into the harbour, observe the 
appearance of its entrance, and particularly whether there be any false 
resemblance of an entrance, by which ships may be deceived into aanger. 
Remark the signs or objects, by attending to which, the harbour may be 
entered with safety; more especially, where it can be done, let the ship 
steer to the anchoring-place, keeping two remarkable objects in one, or in 
a line. These leading marks are to be inserted on the draught, by drawing 
fine double lines through the objects. 

The necessary observations being all laid down on the chart, shade the 
coagton the land-side with Indian ink, and draw houses, churches, trees, &c. 
in their proper places; the coast should be shaded so as to exhibit, as nearly 
38 possible,, its natural appearance, particularly shewing whether it be high, 
low, sandy, rocky, bad snore, &c. In a convenient place insert a Mariner’s 
Compass, by which the situation of the rhumbs will be shewn: this may be 
drawn either according to the magnetic or true north, as may be thought 
Proper; the variation is to be marked by placing a small fleur de lis at 
die north point from which the compass is not drawn. The name of the 
piece, on what coast or country, the latitude and longitude, and whatever 
else may be thought necessary, are to be ascertained and inserted in the 
chart 


When the relative position* of three stations are well determined, a fourth station may 
^ found, as shewn in Example V. of Oblique Sailing: in this manner the situation of rocks, 
sboals, soundings, See. may be accurately laid down. 
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To survey a Coast while sailing along it. 

When the ship has arrived at a convenient situation, from whence there 
is a tolerably extensive view of the coast, there cast anchor, or lay-to as steady 
as possible; then, while the vessel is in this stationary position, observe, 
with an azimuth compass, the bearings of the most material projections 
and hollows, and whatever objects are remarkable on the coast; or rather, 
take the bearing of one of the most conspicuous points, and observe, vith 
a quadrant or sextant, the angular distances contained between it and the 
other remarkable objects; write these down on paper, and make a rough 
sketch of the coast, on which mark the observed points, &c. with letters, 
for the sake of reference. 

Then let the ship run in a direct line upon a known course, measurinz 
the distance with all imaginable care by a log, or otherwise; during which 
time take soundings, ana draw a more correct sketch of the coast, with 
appearances of land, &c. When she has at length attained a proper situation, 
from whence the same points and objects before observed may be still seen, 
lay-to, as at the first station, and again observe the bearings or angles of the 
former objects, and likewise of others in the continuation of the coast, which 
note down as before: in this manner proceed from station to station, until 
the survey be extended as far as may be thought proper. 

The observations are to be laid down on paper, by drawing the ship's 
courses and distances between the stations, in the manner of a Traverse, 
and setting off the bearings and angles observed at each station; then the 
intersection of the corresponding lines will give the position of the several 
observed points and objects, through which the configuration of the coast is 
to be drawn from the sketches made while sailing along it 

To reduce a Draught to any Scale required . 

Surveys being usually drawn upon a large scale, for the sake of accuracy, it 
frequently becomes necessary to reduce them to a smaller, when they are used 
in tne construction of charts, in order to adapt them to that particular scale 
on which the other parts of the chart are drawn: this may be performed several 
ways; but the following is the easiest, and the most convenient in practice. 

Divide the whole, or that part of the draught to be copied, into small 
squares, by setting off any convenient number of equal divisions on the 
marginal lines, and through these drawing lines across the draught with a 
black-lead pencil; in like manner divide that part of the paper on which the 
copy is to be taken, into the same number of squares. If the divisions round 
the margins be numbered alike on both draughts, or if every fourth or fifth 
line be drawn somewhat stronger than the rest, the corresponding squares 
will be more readily discovered. With a pencil draw in such lines, curves, 
and other particulars on the copy as are found in the corresponding squares 
of the former draught: when the whole is thus correctly copied, draw the 
lines, &c. over with a pen dipped in Indian ink dissolved in water, and when 
dry, rub out the pencil-lines with Indian rubber, or crumbs of stale bread. 

We shall now proceed to elucidate what has been said on Surveying, by 
the three following Examples, each of which exhibits a different method of 
conducting the operation. 
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EXAMPLE I. 

Let it be required to survey the harbour (No. 1, Plate V.) by observa¬ 
tions made on the water. 

Having sailed round the harbour, and fixed upon the several stations on 
the coast, let the two buoys, a and b, be moored so that all the points or 
stations may be seen from both, whose bearing, from a to b, as observed 
by an azimuth compass, suppose to be N. 46° E., and their distance 
measured by a log, one mile*; then having taken the boat to the stations 
a and b, suppose the following bearings to nave been taken. 


From Station A. 

I From Station B. 

AC 

= 

N. 

100° E. 

BC 


N. 

121° 

E. 

AD 

— 

N. 

72 

E. 

BD 


N. 

99 

E. 

AE 

= 

N. 

63 

E. 

BE 

= 

N. 

73 

E. 

AF 

= 

N. 

29 

E. 

BF 

= 

N. 

12 

E. 

AG 

= 

N. 

12 

E. 

BG 


N. 

36 

W. 

AH 


N. 

S3 

W. 

BH 

= 

N. 

74 

w. 

AI 

•zzz 

N. 

110 

W. 

B1 

= 

N. 

122 

w. 


The above bearings being observed, proceed to draw the plan as follows: 
In § convenient part of the paper describe a circle, with the chord of 6()°, 
and through the centre draw a line, to represent the magnetic meridian, or 
north and south line; on this circle lay off the bearings, as above, and 
through a and b draw lines parallel to them; then the intersection of these 
lines will give the position of the points cdefght, through which draw 
the configuration of the coast, according to the sketch previously made, and 
insert the isles, rocks, shoals, and sand-banks, that lay within or near the 
harbour, with the marks to avoid them, the proper places for anchoring, 
the depth of water in various parts, the variation of the compass, and what¬ 
ever other particulars may appear worthy of notice. 

EXAMPLE II. 

Wanting to survey a coast whilst sailing along it, I ran from a to b 
(No. 2, Plate V.) W. S. W. 6 miles; from b to c, West 4 miles ; and 
from c to d, N. N. W. i W. 3i miles ; taking the following bearings and 
angles at each station: 

1. From Station A. j 2. From Station B. 

The Bearing of AG = N. 51° O' W. I The Bearing of BK = N. 33° O' W. 

The Angle OAE = 58 40 TheAngle KBL = 17 40 

- GAF = 25 0 - KBI = 2K 35 

- GAH = 21 50 - KBH = 50 0 

- KBG = 60 0 

- KBP = 69 40 

- KBE = 80 3 

* In a case like this, where it is necessary to make the observations on the water, as it 
be difficult to measure accurately the distance between the buoys, the same may he 
ascertained between any two of the stations on shore, which will furnish a scale for the plan ; 

the bearings or angles being taken from the buoys, will shew the relative position of the 
stations. 
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s. 

From Station C. 

1 

! 

From Station D. 


The Bearing of CK z= N. 

46° 

O' E. 

1 The Bearing of DN = N. W» 

O' & 

The Angle 

KCI = 

13 

16 

The Angle 

NDO = 67 

50 


KCL £3 

36 

30 

_— 

NDM = » 

5 


KCM = 

44 

0 





KCN = 

55 

45 




—— 

KCO = 

83 

26 





To delineate these observations on paper, first draw a compass in a con¬ 
venient part, and fix upon a point, as a, for the first station; through which 
draw the line ab parallel to the W. S. W. rhumb-line, and equal to 6 miles, 
the distance run on that rhumb; then will b be the second station: proceed 
in like manner with the second and third courses, by which you will obtain 
the third and fourth stations, c and d. Through a draw the line ag parallel 
to N. 51° W., laid off on the compass, and make the angles gae, gaf, 
gah, according to the above observations : in the same manner the bear¬ 
ings and angles are to be laid down from the other stations; then the inter¬ 
secting lines will give the points efg, &c., through which the coast is to be 
drawn, agreeably to the sketches made at the time of passing along it. The 
scale of miles is to be laid down from the same equal parts as the distances 
run were measured by. 


EXAMPLE III. 

Let it be required to take an accurate survey, and from thence to make 
a chart of the harbour and adjacent island, (No. 3, Plate V.) 

Sail round the coasts to be surveyed, and fix station-staves on the prin¬ 
cipal points, where there are no remarkable objects to distinguish them: at 
the same time take a rough sketch of the harbour, on which denote the 
situation of the objects ana stations by the letters a, 6, c, &c.; it will like¬ 
wise be advisable to take a more particular sketch of the coasts between 
each station, on a separate piece of paper. Seek for a proper place near the 
shore, on which a base-line may be measured ; and, since there is no part 
of the coast which commands a view of all the stations, it will be necessary 
to measure out two base-lines: accordingly the base-line ab is fixed upon, 
the ground being there level, and a considerable number of station-staves 
visible from each extremity: its length, as measured by a chain, is 800 
fathoms, and its bearing from a to b, N. 48° E. From each end measure 
the angles contained between the base-line and the several stations within 
sight, which are as follow: 


From Station A. 


From Station B. 


The Angle BA b 

= 23° 

35' 

The Angle AB a 


18° 

40' 

— BA o 

= 52 

10 

- AB* 

= 

38 

0 

- BA d 

= 82 

0 

- ABC 

rs 

50 

15 

— BAC 

= 94 

0 

- ABD 

zzz 

66 

0 

- CA * 

= 25 

13 

- ABd 

=z 

69 

36 

_ CA a 

= 47 

30 

- d Be 

= 

36 

25 




- dBb 


61 

10 



MARINE SURVEYING. 


i m 


It will now he necessary to fix upon a place whereon anotfier base-line 
may be measured, from whence the remaining stations may be seen. The 
most convenient spot k between n and e ; let d e, therefore, be the second 
3 ase-line, its lengtn being 660 fiithoms, and bearing from d to £, N. 72° W.; 
but as its southern extremity d can be seen only from one mid of the first 
base, the angle d c d is to be observed from c, in order to ascertain the 
position of the second base with regard to the first; this angle is found to 
be 44° O'; now measure the angles formed by lines drawn from each end of 
this base to the station-staves, or other objects, which are as follow: \ 

From Station D. 

The Angle ED* = 21° 15f 

- ED/ = 59 42 

-/ D g = 79 25 

Having taken all the necessary bearings and angles on shore, lay them 
down upon paper agreeably to the preceding directions: hence the relative 
position of the points a, a, b, 6, c, d, d, e, c, e,/, g, and k , will be obtained; 
which are to be connected by drawing the configuration of the coast from 
the sketches made whilst sailing rouna the harbour and island. The chart, 
being thus far delineated, proceed to make the requisite observations on 
the water. In sounding for the depths of water, a shoal is discovered in 
one of the entrances: now its extremes t A are to be ascertained by their 
bearings from the stations d and e ; the bearing of i e is N. 40° E., and 
of i d, N. 72° E.; also the bearing of h e is N. 40° W., and of h v 
N. 10° E. : to lay these down on the chart, through e and d draw lines 
parallel to the above bearings, which are to be previously laid off on the 
compass; these will meet at i and A, and determine the extremities of the 
shoaL* In the same way the positions of the soundings, anchoring places, 
rocks, &c. are to be ascertained and laid down. 

The above bearings being all magnetic, and it being thought proper 
to draw a compass according to the true meridian, the variation, which 
is 2G° easterly, is to be laid off to the left of the magnetic north; hence the 
direction of tne true meridian and the other rhumb-lines will be obtained. 

The scale shews the length of a geographical mile, containing 1013 
fathoms; therefore take 1013 from the same scale of equal parts that was 
used in laying down the base-lines; or, make the transverse distance of 
400 on the sector, equal to the length of the base a b ; then the transverse 
distance of 506 will be the length of one mile. (See Use of Sector, page 32.) 

The following methods of ascertaining the heights and distances of 
remote objects being frequently useful, particularly in the practice of 
surveying, we think it proper to introduce them before we dismiss the 
present subject. 

Tofind the Height of an accessible Object 

Measure the horizontal distance, between the eye and the object, of the 
point immediately under it, and observe the angle of elevation with a 

• Or, more accurately, by taking the angles subtended by the Stations D, at* and A, 
the extremities of the snoal, as shewn in Example V. of Oblique Sailing. 

T 


From Station E. , 

The Angle = 22° 2 $ 

- DE/ = 74 0 

-/ E h = 70 0 
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quadrant: thus will be obtained the base and angles of ! ari$it-angled 
triangle, the perpendicular of which being found, will be the hoghtof the 
object above the horizontal plane, to whicn add the height of the eye. 

Or, by removing either towards or from the object, until the angle of 
elevation be 45°, the horizontal distance, added to me height of the eye, will 
give the height of the object 

EXAMPLE. 

From the bottom of a tower I measured 200 feet on a horizontal plane; 
I then took the angle of elevation, and found it 46° SO', the height of my 
eye being 6 feet: required the height of the tower. 


In the triangle a b c are given the 
side a b 200 feet, and the angle bac 
46° 30', to find the perpendicular b c. 


As radius. 10.00000 

Is to the distance ab or db 200... 2.30103 
So is tang, angle bac 40° 30'. 10.02275 


To the perpendicular b o 210.7 2. 32378 
Height of the eye a d or b b 0 - 

Height of the tower c b ... 216. 7 feet 



If the height of the object be known, and the angle of elevation observed, 
the horizontal distance of die eye may be found; for in this case there wiD 
be given the perpendicular and angles of a right-angled triangle to find the 
base or distance required. 

To find the Height of an inaccessible Object. 

Measure the angle of elevation at a convenient distance from the given 
object; then remove in a direct line from the object, and again observe 
the angle of elevation, the distance between the stations being carefully 
measured: hence will be given one side and the angles of an oblique-angled 
triangle, with which, fina the less of the other sides. Now that side will 
be the hypothenuse of a right-angled triangle, the perpendicular of which 
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being found, and the height of the eye added to it, their sum will he the 
height of the object 

EXAMPLE. 

Wanting to know the height of a lighthouse above the level of the sea, 
and not being able to measure its horizontal distance, I took the angle of 
elevation, and found it to be 31° 45 / , and after removing from it 120 fathoms, 
I observed the angle of elevation to be 21° 20 / : required the height of the 
lighthouse. 


In the triangle a b c are 

S 'ven the angle acb 21° 20"; 

e angle cab 10° 25 / ; and 
the side c b 120 fathoms, to 
find the side b a. 



Angle acb... 

... 21° 

20" 

Angle abc... 

...148 

16 


168 

36 


180 

0 

Angle cab... 

... 10 

26 


As sine angle cab 10° 25 / .. 9.25721 

Is to the side c b 120 . 2.07918 

So is sine angle acb 21° 20" . 9.56085 


11.64003 
9.25731 


To the side a b 241.4 . 2.38282 


In the right-angled triangle a b d are given the angle abd 31° 45 / , and 
the hypothenuse a b 241.4, to find the perpendicular a d. 

As radius .. 10:00000 

Is to the hypothenuse ab 241.4... 2.38274 
So is sine of angle abd 31° 45"... 9. 73116 

To the perpendicular a d 127. 3.10390 


Hence the height of the lighthouse is 127 fathoms, or 762 feet above the 
level of the sea. 

In this example the height of the eye is neglected; for, supposing the 
observations to nave been made in a boat, the eye would neany coincide 
with the surface of the water, and hence the omission would lead to no 
material error. 

Shorter methods might have been given for solving the above; but as 
the present is worked directly by the Rules of Trigonometry, it is more 
likely to be retained in the memory. 

t 2 
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To find the Distance of Objects at Sea by Means of the Curvature 

of the Earth . 

To the logarithm of the diameter of the earth, increased by the height of 
the eye, add the logarithm of that height, and half the sum will be the 
logarithm of the distance of the visible horizon in feet; from which subtract 
the constant logarithm 3. 783904, and the remainder will be the distance in 
nautical miles, to which add a twelfth part of the distance, on account of 
terrestrial refraction. 


EXAMPLE. 

At what distance is the visible horizon from a person, whose eye is derated 
120 feet above the surface of the water ? 


Diameter of the earth in feet.... 
Height of the eye . 

... 41804400 
120 

Log- 

2.079181 


41804520 

Log- 

7.621223 

Distance in feet. 

.. 70827.5 

Log- 

9.700404 

4.850202 


Constant Log. 

3.783904 

Distance in nautical miles. 

... 11.66 

Log. 

1.066298 

Add one-twelfth part. 

.. 0.97 



Distance corrected for refraction.. 12.62 


When the height of a distant object appearing in the horizon is given, 
its distance from the eye is found by adding together the distances answer¬ 
ing to each height. (See Explanation to Table XX.) 

To find the Distance of an Object , by observing the Interval between 
the Flash and Report of a Gun . 

Multiply 1142 (the number of feet sound travels in a second) by the 
number of seconds in the above interval; and the product will be the 
distance in feet, which, divided by 6079, will give the distance in nautical 
miles. 


EXAMPLE. 

A ship at sea was observed to fire a gun, and 24 seconds afterwards the 
report was heard: required the distance of the ship from the observer. 

1142 multiplied by 24 gives 27408, the distance in feet, which, divided 
by 6079, gives 4£ miles. 
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ASTRONOMY. 


ASTRONOMY is a science which treats of the motions and distances 
of the heavenly bodies, and of the appearances thence arising. 

A great variety of opinions prevailed, at different times, among phi¬ 
losophers of former ages, concerning the order and arrangement of the 
several parts of the universe, or of the positions of those bodies which 
appear in the heavens. The most eminent Astronomers of the present day 
suppose the universe composed of an infinite number of systems or worlds; 
that in every system there are certain bodies moving in free space, and 
revolving at different distances around a sun, placed in or near the centre 
of the system, and that these suns and other bodies are the stars which are 
seen in the heavens. 

The Stabs are distinguished into two kinds, vix.Jiwed and wandering. 
The fixed stars are supposed to be suns in the centre of their systems, 
shining with their own light, and preserving always the same situations with 
respect to each other; they are usually divided, according to their apparent 
splendour, into different classes, called magnitudes; the brightest being 
denominated stars of the first magnitude; the next to them in brightness, 
of the second magnitude ; and so on to those stars that are scarcely visible 
to the naked eye, which are termed stars of the sixth or seventh magnitude. 

In order to assist the memory, Astronomers have divided the heavens 
into parcels, called constellations: these are a number of fixed stars, lying 
contiguous, which are supposed to be circumscribed by the outline of some 
animal, or other imaginary figure. Stars which are not included within the 
constellations, are caned unformed stars . The stars in each constellation 
are generally distinguished by letters of the Greek alphabet, and some of 
the principal have proper names: thus the star marked a , in the constellation 
of Taurus, is called Aldebaran. 

The wandering stars are those bodies within our system which revolve 
round the sun; they appear luminous, by reflecting tne light they receive 
from the sun, and are ot three kinds, namely, primary planets , secondary 
planets , and comets. 

P rim ary planets are those bodies which, in revolving round the 
sun, respect him only as the centre of their revolution; their motions are 
regularly performed in tracks or paths, called orbits, which are nearly 
circular and concentric with each other. 

A secondary planet, called also a satellite or moon, is a body 
which, while it is carried round the sun, also revolves round a primary 
planet, which it respects as its centre. 

Comets are a kind of planets which move round the sun in very eccentric 
orbits, and in various directions, having vast atmospheres about them, 
and tails of a hairy or nebulous appearance, especially when they are 
near the sun. 
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OF THE SOLAR SYSTEM. 

The solar system is that in which our earth is placed, and in which 
the sun is supposed to be fixed near the centre, with several bodies 
to our earth revolving round him at different distances. This hypothesis, 
which is the only one that can explain all the phenomena of the heavenly 
bodies, is said to have been first taught by Pytnagoras; after whose time it 
remained many ages in oblivion, until it was revived, in the beginning of < 
the sixteenth century, by Copernicus, and has since been fully estabhsbed 
on the firm basis of demonstration by the immortal Newton. 

There are eleven primary {Janets in our system, accompanied by at lean 
sixteen satellites. The names of the primary planets, with their characters, 
reckoned in order from the Sun 0, are as follow:—Mercury 9, Venus 9, 
Earth 0, Mars <?, Vesta B, Juno 4, Ceres ?, Pallas $, Jupiter *, 
Saturn h , and Uranus, Herschel. or Georgium Sidus $ (See Plate VL 
Fig. I.) 

Mercury and Venus are called inferior planets, because their orbits are 
within the Earth's; the others are called superior planets, as their orbits 
include that of the Earth. 

The primary planets, accompanied by their satellites, revolve round the 
sun from west to east, in various portions of time, which are called their 
periodic revolution, or annual motion; the planes of their orbits all pass 
through the centre of the sun, but are inclinea more or less to that of the 
earth, crossing it in two points, called Nodes . , 

Although to an observer placed in the sun, the planets would appear to 
move in due order about him, from west to east, yet, since the earth is not 
in the centre of the system, their apparent motions in the heavens are very 
irregular: sometimes they appear to move from west to east, and then to 
stand 8till; then they seem to move from east to west, and after sanding 
some time, they again move from west to east, and so on continually. The 
motion of a planet from west to east is called the direct motion, or according 
to the order of the signs. The contrary motion from east to west Is cafied 
retrograde; and when the planet appears to stand still, it is said to be 
stationary. 

The situation of a planet in the heavens, as it would appear if seen from 
the sun, is called its heliocentric place; and as seen from the earth, its 
geocentric place. 

The angular distance of a planet from the sun is termed its elongation. 

When a planet is in the same part of the heavens with the sun, those 
bodies are said to be in conjunction; and when then angular distance is 
180°, in opposition. The same terms are used with respect to any other 
two celestial bodies. 

We now proceed to give a more particular description of the sun and the 
planets. 

The Sun, that great fountain of heat, light, and vegetation, is an » 

spherical body, placed near the centre of the orbits of aU the planets; its 
diameter is about 882,000 English miles, and it turns round its axis in 
25 days 10 hours. 
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Mercury is, of all the primary planets, the nearest to the sun: his 
diameter is about 3140 miles, and mean distance from that luminary above 
36 millions of miles. His periodic revolution is performed in 87 days 
23 hours. 

To a spectator on the earth this planet keeps so near the sun, that 
we can seldom discern him without the aid of telescopes: he appears some¬ 
times a little before sunset, and at other times a little after sunrise. 

Venus ia the next planet in the order of the system, and is distinguished 
by her superior brilliancy; her diameter is 7687 miles, her mean mstance 
from the sun nearly 68 millions of miles, and her periodic revolution is 
performed in 224 days 17 hours. 

Tins planet appears to us always near the sun, although she recedes from 
him almost double the distance of Mercury; when she is in that part of 
her orbit which is west of the sun, she rises before him in the morning, 
and is called Lucifer , or the morning star; and when she is in the eastern 
part of her orbit, she shines in the evening after he sets, and is called 
Vesper , or the evening star. 

The Earth, or planet which we inhabit, is about 7916 English miles 
in diameter, and is about 95 millions of miles from the sun; it performs 
a revolution through its orbit in 365 days 6 hours, which period is called 
a year , and revolves round its axis, from west to east, in 24 hours, 
which occasions the apparent diurnal motion of the sun, and all the 
heavenly bodies round it, from east to west, in the same time; it is of 
course the cause of their rising and setting, of day and night. The axis 
of the earth is inclined 23° 28' from a perpendicular to the plane of its 
orbit, and keeps in a direction parallel to itself throughout its annual 
course, which causes the return or spring and summer, autumn and winter. 
Thus the diurnal motion gives us the grateful vicissitude of day and night; 
and the annual motion, the regular succession of the seasons. (See rlate 
VL Figure 2.) 

The earth is attended by a satellite called the Moon, whose diameter is 
about 2160 miles, her mean distance from the centre of the earth above 
237,000 miles; she goes round her orbit in 27 days 8 hours, revolving 
round her axis in the same time; but the interval between each new moon 
is 294 days; the former of these periods is termed a periodic month , and 
the latter a synodic month , or lunation . 

A8 the moon, like the other planets, is an opaoue body, and borrows her 
light from the sun, only one hemisphere is emigntened by the solar rays: 
hence she puts on various appearances, called phases, during her monthly 
course round the earth, as her illuminated side is more or less turned towards 
us: when she is in the same part of the heavens as the sun, her dark ride 
being turned towards us, she is invisible, and this part of her period is 
called the change , or time of new moon; in a few days after, as she advances 
to the eastward of the sun, we see a small part of her enlightened face, and 
she assumes a homed appearance, the cusps or points being turned from 
the sun towards the east When she has advanced 90P to the eastward of 
the sun, we then see half her illuminated face, and she is then said to be in 
her first quarter; as she proceeds on her journey, more of her enlightened 
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side becomes visible, and die appears of an oval or gibbous form. At 
length, when she is in opposition to the sun, she presents to us the whole 
of her enlightened face, and this is called the time of full moon. In per¬ 
forming the other half of her revolution, she wanes, and exposes less and 
less of her enlightened side, till she entirely disappears, and comes again 
in conjunction with the sun. (See Plate VII. Figure 1.) 

When the moon, at the time of conjunction, is directly between the sun 
and the earth, she will intercept a part of the sun's rays, and thence cause 
an eclipse of the sun; and when, in opposition, the earth is directly between 
her and the sun, she will pass through the shadow of the earth, and cause 
an eclipse of the moon. These eclipses would happen every revolution of 
the moon round the earth, if their orbits were in the same plane; but the 
moon's orbit is inclined to the earth's in an angle of about 5 degrees, crossing 
it in two opposite points, called the moon's nodes; hence eclipses of the 
sun and moon can nappen only when the moon is in or near one of the 
nodes, she being, at all other times, above or below the plane of the earth's 
orbit (See Plate VII. Figure 2.) 

Mars is the least bright and elegant of all the planets, being of a dull 
red or fiery colour, supposed to arise from the density of his atmosphere; 
his diameter is 4100 miles; his distance from the sun 142 millions of miles; 
his periodic revolution is performed in about 687 days; and he revolves 
round his axis in 24 hours 40 minutes. 

Mars, as well as all the other superior planets, is not subject to the same 
limitations in his apparent motion as Mercury or Venus, but appears some¬ 
times near the sun, and at other times in opposition to him. 

Vesta was discovered by Dr. Olbers, of Bremen, on the 29th of March, 
1807; its distance from the sun is about 225$ millions of miles, and the 
length of its year, 8 years, 240 days, 5 hours. This planet appears like 
a star of the 5th magnitude. 

Juno was discovered by Mr. Harding, of LilienthaL in the Duchy of 
Bremen, on the 1st of September, 1804. It appears like a star of the 8th 
magnitude; is distant from the sun about 258 millions of miles, and per¬ 
forms its revolution in 4 years, 131 days. 

Pi azzi, or Ceres, was discovered by M. Piaz.ii, the Astronomer Rojral, 
at Palermo, in Sicily, on the 1st of January, 1801. Its periodic revolution 
is 4 years, 221 days, 13 hours; its diameter, as computed by Dr. Herschel, 
is about 162 miles, and its distance from the sun about 263 millions of 
miles. Ceres appears no larger than a star of the 8th magnitude, and 
therefore cannot be seen with the naked eye. 

Pallas was discovered by Dr. Olbers, at Bremen, on the 28th of March, 
1802; it is distant from the sun near 268 millions of miles, and performs 
its revolution round it in 4 years, 221 days, 17 hours. Pallas appears like 
a star of the 7th magnitude, and its diameter is about 110 miles*. 

Jupiter is the largest of all the planets, and is easily distinguished by 
his peculiar magnitude and light. His diameter is nearly 90,000 miles; bw 
distance from the sun above 485 millions of miles; and he performs las 


Vesta, Juno, Ceres, and Pallas are called Asteroids. 
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periodic revolution in 436*4 days, or nearly 1* years. Jupiter completes 
his diurnal revolution in 9 hours and 56 minutes. 

This planet is attended by four satellites, invisible to the naked eye, but 
through a telescope they make a beautiful appearance. In speaking of them, 
we distinguish them according to their places, into the first, the second, &c. 
The eclipses of these are of considerable use in determining the longitude 
of places on the earth. In viewing Jupiter through a telescope, we find 
several streaks or lines over his equatorial parts, which are called his belts: 
these are supposed to arise from tne swiftness of his diurnal motion, which 
draws his clouds and vapours into those forms. 

Saturn was reckoned the most remote planet of our system, before the 
discovery of the planet Herschel, now called Uranus. He shines but with 
a pale and feeble light; his diameter is about 76068 miles; his distance 
from the sun above 890 millions of miles, and his periodic revolution in his 
mbit is performed in about *9 years, 167 days. Saturn revolves round 
his axis in 10 hours, *9 minutes, and is attended by seven satellites. 

This planet is surrounded by a large, broad, double, and luminous ring, 
atadistanoe from it equal to the breadth of the ring. This phenomenon is 
quite different from all others in the planetary system, and appears intended 
to increase the quantity of light received from the sun, which, on account 
of the vast distance of the planet, must be very small 

Uranus, or, as it is sometimes called, the Georgium Sidus, was dis¬ 
covered on March the 13th, 1781, by Dr. Herschel; though there are many 
reasons to suppose it had been seen before, but had been considered as a 
fixed star. Its diameter is about 3511* miles; its distance from the sun 
upwards of 1800 millions of miles, and its periodic revolution in its orbit is 
performed in 83 years and 52 days. This planet is attended by six 
satellites, which were likewise discovered by Dr. Herschel. 

The number of Comets that has been recorded in history is very 
great, amounting to several hundreds. One of the most remarkable of these 
erratic bodies is that which appeared in the years 1531, 1607, and 168*, 
and was predicted by the celebrated Dr. Halley to reappear in the year 
1759, which it actually did; passing its perihelion, or nearest distance from 
the 6un, on the 12th of March in tnat year, its periodical revolution being 
made in about 76 years. The next return of this comet to its perihelion has 
been calculated by M. De PontOcoulant, a French astronomer, to take place 
on the 7th of November 1835. 

OF THE SPHERE. 

Although the celestial bodies are placed at different distances from the 
earth, as wc have just seen, yet an observer living upon the earth, is not 
naturally sensible thereof, but imagines them all to be situate in one concave 
surface, of which the earth is the centre. 

Likewise, though in reality the cause of day and night is the rotation of 
the earth round its own axis; and of the seasons, its motion through its own 
orbit in a year; yet to a spectator on the earth these appear to be effected 
by the motion of the sun or heavens. 

And as, in most astronomical problems, it i6 the apparent or relative 
motions only that we have to determine, therefore, for the ease of calculation, 

u 
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and since it amounts to the same thing whichsoever way these appearances 
are effected, astronomers consider it more convenient to suppose aU celestial 
objects placed in one concave sphere, as above, and to ascnJbe to them all 
the motions which they seem to have, while the earth is considered as being 
at rest in the centre. 

In order to point out the positions of the heavenly bodies in the celestial 
sphere, certain points, lines, and circles are supposed to be described thereon. 

Circles upon a sphere are either great or lesser. A great circle is that whose 
plane passes through the centre of the sphere. A lesser circle is that whose 
plane does not pass through the centre of the sphere: hence all great circles 
upon a sphere divide it equally, and all lesser circles divide it unequally. 

Those two points on the surface of a sphere, which are equidistant from 
every part of the circumference of one of its great circles, are called die 
poles of that great circle. 

If we imagine the axis of the earth produced to the celestial sphere, it 
is then called the axis of the heavens , and its extremities mark out two 
points in the sphere, which are called the celestial pdes y or the poles of 
the world: one is termed the north pole , and the other the south pole . It 
is about these points that all the heavenly bodies appear to have a diurnal 
revolution. 

The plane of the equator, in like manner produced to the heavens, forms 
a circle called the celestial equator , or equinoctial , whose poles are those 
of the world. This circle divides the heavens into two equal parts, called 
the •northern and southern hemispheres . 

Any celestial body situated in the equinoctial will appear to describe a 
great circle in the heavens, and those bodies which are situated north or 
south of it, will describe small circles: those stars situated at either pole will 
appear at rest. 

The circle which bounds the view of a spectator, at sea, or on an open 
plane, is termed the apparent , or visible horizon; a circle whose plane 
passes through the eye of an observer, perpendicular to a plumb-line hang¬ 
ing freely, is called the sensible horizon; and a circle parallel to this, 
passing through the centre of the earth, is die rational horizon: these two 
circles in the sphere of the fixed stars may be considered as one and the 
same*. 

The zenith of a place is that point in the heavens immediately above 
the place, and die nadir is that point immediately under it. Hence the 
zenith and nadir are the poles of the rational horizon. 

Azimuth , or vertical circles , are great circles passing through the zenith 
and nadir, and therefore intersect the horizon at right angles. That vertical 
circle which passes through the east and west points of the horizon, is called 
the prime vertical . 

Celestial meridians , or circles of right ascension , are great circles 
passing through the poles of the world, and cutting the equinoctial at right 
angles. Twenty-four of these circles, which divide the equinoctial into 
equal parts, each containing 15 degrees, are called hour-circles . 


• For the division of the horizon into points, &c. see the Mariner's Compass, opposite 
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The meridian of a place on the celestial sphere is that vertical circle 
which passes through the poles, crosses the eauinoctial at right angles, and 
intersects the horizon at tne north and south points. This circle is the 
terrestrial meridian of a place extended to the heavens: it divides the 
heavens into two hemispheres, termed the eastern and western. When 
the sun is upon the meridian of a place above the horizon, it is noon; and 
under the horizon, it is midnight. On this circle the latitude of a place is 
reckoned, being always equal to the elevation of the pole above the horizon, 
or to the distance of the zenith from the equinoctial. 

The attitude of a celestial object is an arch of a vertical circle inter¬ 
cepted between the centre of the object and the horizon. 

The zenith distance is an arch of a vertical circle contained between 
the object and the zenith. When the object is on the meridian, its altitude, 
or zenith distance, is called the meridian attitude or meridian zenith 
distance 

The azimuth is an arch of the horizon, contained between the azimuth, 
or vertical circle, passing through the centre of the object, and the meridian 
of the place. 

The amplitude is an arch of the horizon, contained between the centre 
of the object, when rising or setting, and the east or west points of the 
horizon. 

The ecliptic is that great circle in the heavens which the sun appears to 
describe in the course of a year, and is the orbit of the earth extended to 
the celestial sphere. It is inclined to the equinoctial, in an angle of about 
28P £8', called the obliquity of the ecliptic , and cuts it in two points 
diametrically opposite, called the equinoctial points . Those two points 
of the ecliptic, #0 degrees distant from the equinoctial points, are called 
the solstitial points. 

The ecliptic is divided into twelve equal parts, called signs, each contain¬ 
ing 80 degrees: these are thus marked and named. 


1. Aries r 
9. Taurus g 
3. Gemini □ 


4. 

Cancer 

23 

7. 

Libra & 

5. 

Leo 

SI 

8. 

Scorpio v\ 

6. 

Virgo 


9. 

Sagittarius / 


10. Caprioornus vr 

11. Aquarius ss 
19. Pisces x 


The first six signs, being on the north side of the equinoctial, are termed 
northemsigns; and the last six,on the south side, are called southern signs 

The two points of the ecliptic which coincide with the equinoctial, are 
the beginning of Aries and Libra; the former of these is called the vernal 
equinox, aim die latter the autumnal equinox. 

The two solstitial points are situated at the beginning of Cancer and 
Capricorn, and are called the summer and winter solstices. 

That great circle which passes through the equinoctial points and the 
poles of the earth, is eaUed the equinoctial colure i and that great circle 
which passes through the solstitial points and the poles of the earth, is 
called me solstitial colure. 

The sun enters the beginning of Aries about the 21st of March; he 
then moves forward in the ecliptic, and advances towards the north pole till 
he enters Cancer, which happens about the £2d of June; then, continuing 

u 2 
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His motion according to the order of the sign 8 ’ He apparently recedes from 
the north pole, and about the 23d of September enters Libra; still advanc¬ 
ing in the ecliptic, he gets nearer to the south pole till he enters Capricorn 
about the 22d of December; after which, returning to the northward through 
die last three signs, he again enters Aries, and thus completes his annual 
course. 

The zodiac is a space in the heavens extending about 8 degrees on each 
side of the ecliptic, luce a belt or girdle, within which all the planets appear 
to perform their revolutions.* 

Circles of longitude in the celestial sphere are great circles passing 
through the poles of the ecliptic, and therefore cut the ecliptic at right 
angles. 

The right ascension of a celestial body is an arch of the equinoctial, 
contained between the first point of Aries and that point of the equinoctial 
which is cut by a meridian passing through the object. 

The ascensional difference is an arch of the equinoctial, intercepted 
between the sun or stars meridian and that point of the equinoctial that 
rises with the object 

The oblique ascension or descension is the sum or difference of the right 
ascension and ascensional difference. 

The declination of an object is an arch of a meridian contained between 
the equinoctial and the centre of the object It is called north or south 
declination, according as the object is on the north or south side of the 
equinoctial. 

The polar distance is an arch of the meridian contained between the 
centre of the object and either pole of the equinoctial. 

The latitude of any object in the heavens is an arch of a circle of celes¬ 
tial longitude intercepted between the object and the ecliptic, and is called 
north or south, acconling as the object is north or south of the ecliptic. 

The longitude of a celestial body is an arch of the ecliptic, intercepted 
between the first point of Aries and a circle of longitude passing through 
the centre of the object. 

The tropics are two lesser circles parallel to the equinoctial, at about 
23° 28 / distance from it, touching the ecliptic at the solstitial points: the 
northern tropic touches the ecliptic at the beginning of Cancer, and is thence 
called the tropic of Cancer; the southern tropic, touching the ecliptic at 
the beginning of Capricorn, is therefore called the tropic of Capricorn- 

The polar circles are two lesser circles, about 23° 28 / distant from the 
poles of the equinoctial: that about the north pole is called the arctic circle, 
and the other the antarctic circle . 

In order to illustrate the preceding definitions, let the circle zhno 
(Plate VII. Figure 3) represent the celestial meridian, z the zenith, and 
n the nadir, of a place at a ; ho the sensible horizon of the place, which 
may be considered as coinciding with hio, the rational horizon, the north 
and south points being o and h, and the east and west points at i ; and 
z b n an azimuth or vertical circle, cutting the horizon in b ; likewise let the 

" Excepting the newly-discovered Planets, or Astercids—Vesta, Juno, Ceres, and Fsllss. 
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line p p be the celestial axis, whose pole p is elevated above the rational 
horizon equal to the latitude of the place. Now, if v be considered as the 
place of a star in the heavens, vb will be its altitude, vz its zenith distance, 
h b its azimuth from the south, or bo from the north. If the star be sup* 
posed to rise or set at f, the arch fi will be its amplitude from the east or 
west; and if the star be at g, on the meridian, gh will be its meridian alti¬ 
tude, and g z its meridian zenith distance. 

Again, let p p represent the celestial axis, as before; the circle z h no, the 
solstitial colure; e q the equinoctial, of which p p are the poles; p d p a 
circle of right ascension; s w, the ecliptic; nr its poles ; RLr a circle of 
longitude; 25 25 the tropic of Cancer; w vr the tropic of Capricorn ; & m 
the arctic circle; and rm the antarctic circle. Then if v be me place of a 
star, vjd will be its declination ; vp or vp its polar distance; l v its latitude; 
and 1 l its longitude. 

THE DIAMETER OF THE SUN, MOON, Ac. 

The apparent diameter of the sun, moon, &c. is the angle under which 
they appear to an observer situated on the earth; the quantity of which 
depends upon the real magnitude of the object, and its distance from the 
observer. Thus, let ab (Plate VII. Figure 4) represent the real diameter 
of a distant object, the eye being at c; then the angle ac b is its apparent 
diameter: now if the eye be removed further from the object, as to d, its 
apparent diameter will be the angle adb, which is evidently less than the 
angle acb; likewise if the real diameter be increased to e, its apparent 
diameter will likewise increase, for the angle edb is greater than the angle 

ADB. 

The sun's apparent semidiameter is set down in Page II. of each Month 
in the Nautical Almanac, for every day; but its mean semidiameter, which 
is 16 7 , is used in common practice, as it never deviates half a minute from 
that quantity. The moon’s semidiameter varies considerably during her 
monthly revolution round the earth, and is set down for every 12th hour in 
Page III. of each Month in the Nautical Almanac. The apparent semi- 
diameter there given is the angle under which it would be seen when in the 
horizon, or from the centre of the earth; but since the moon is nearer the 
observer, by a semidiameter of the earth, when in the zenith than when in 
the horizon, and as this difference bears a sensible proportion to the moon's 
distance from the earth's centre,* the semidiameter given in the Almanac is 
to be increased by a quantity, called the augmentation, depending on ita 
altitude, which is contained m Table VII. 

The distance of the sun from the earth being immense when compared 
with the earth’s semidiameter, the augmentation of the sun’s apparent semi¬ 
diameter is therefore insensible. The apparent semidiameter of a planet is 
so small, that it is seldom noticed in calculations. The fixed stars nave no 
sensible apparent magnitude, even when viewed through the most powerful 
telescopes. 


* The moon is about 60 semidiameters of the earth distant from the earth’s centre. 
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DEPRESSION OF THE HORIZON. 

The depression , or, as it is generally called, the dip of the horizon, is 
the angle contained between the sensible and apparent horizons, the angular 
point being the eye of the observer. Now as the altitudes of all celestial 
bodies observed at sea, are measured from the apparent horizon, which is 
below the sensible by a quantity depending on the height of the eye, these 
altitudes are greater when taken by a fore observation, and less when 
observed by a back observation, than they should be, by a quantity equal 
to the angle contained between the two horizons. Thus, let bac 
(Plate VIL Figure 5) represent part of the surface of the earth, and ai 
the height of the observer's eye; then.F eg will represent the sensible, 
and e h the apparent horizons; and therefore the angle fkh will be the 
depression, or dip, of the apparent below the sensible horizon. Let m be 
an object whose altitude is to be observed by bringing its image in contact 
with the apparent horizon; then will the angle m e h be me observed 
altitude, which is greater than the angle uef, the altitude from the sensible 
horizon, by the angle feh. In the back observation the observed altitude 
is m e l, to which the angle hef, equal to g e k, must be added, to obtain 
the altitude above the sensible horizon f e. 

The dip of the horizon is affected by terrestrial refraction, which, according 
to Dr. Maskelyne, amounts to A the whole angle; but several astronomers 
differ in opinion respecting the quantity. In. Table V. of this Work, which 
contains the dip answering to different heights of the observer, frj is allowed 
on the whole angle. 


REFRACTION. 

The rays of Eght which proceed from a celestial body, on entering the 
atmosphere in an oblique direction, are bent out of their rectilinear course, 
and incline more and more towards the centre of the earth as they past 
deeper into the atmosphere, and hence enter the eye of an observer m a 
different direction from that of the object, and make it appear higher than 
its real place. The difference between the real and apparent places of the 
heavenly bodies, as affected by the passage of the rays of light through the 
atmosphere, is called die refraction of the object. Let arc (Plate VII. 
Figure 6) represent the surface of the earth, on which the observer stands 
at a, and dff the. surrounding atmosphere: now the rays of light which 
proceed from an object at z in the zenith, falling perpendicularly on the 
atmosphere, are not refracted thereby, but continue in the same dfrectioo 
till they reach the eye of the observer. But if the rays proceed from a body 
not in the zenith, as at r, they fall on the atmosphere obliquely, and aie 
bent or refracted into a curve inclining towards the earth's centre at T; and 
as the observer perceives objects in the direction that the rays proceeding 
from them enter the eye, he therefore imagines the body a to be at r ; the 
difference of these places, or the arch nr, is the refraction of tile object in 
altitude. Thus also if the rays from a star at s pass on to the eye by a 
curve-line d a, the observer judges that star to be in the direction of the 
side of this curve, terminating at the eye; that is, he conceives it to beat 
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in the direction s a, touching the curve at the point a, where it enters 
die eye. 

The more obliquely the rays enter the atmosphere, the more they will 
be bent out of their rectilinear course, and hence the greater will be the 
refraction. The quantity of refraction likewise increases with the density 
of the atmosphere. 

From what has been said, it follows that an object at the zenith is not 
subject to refraction ; but that, as the distance from the zenith increases, 
the refraction becomes perceptible, and is poportionably greater as the 
body observed is further from the zenith, until it reaches the horizon, where 
the refraction is greatest. Also that, by the effect of refraction, the 
heavenly bodies appear more elevated above the horizon than they really 
are; and therefore the amount of refraction is to be subtracted from the 
apparent altitude of an object: in consequence of this, it likewise happens 
that the sun, stars, &c. may be actually below the horizon when they are 
seen above it; and hence they appear to rise sooner, and set later, than 
they would otherwise do. 

PARALLAX. 

We have already observed, that the sensible and rational horizons may 
be considered as coinciding, when extended to the sphere of the heavens. 
This assumption will lead us to no sensible error with respect to the stars, 
which are at such an immense distance from us, that the earth in comparison 
is, as it were, but a mere point; but with respect to the sun, moon, and 
planets, the earth's semidiameter must be taken into consideration, in 
deducing our conclusions from observations made upon those bodies. 

The situation of a celestial body, when viewed from the surface of the 
earth, is called its apparent place; and that part of the heavens where it 
would be seen, if observed at the same time from the centre of the earth, is 
called its true place . The difference between the true and apparent places 
is termed the parallax of the object. 

In order to illustrate the nature of parallax, let a h w (Plate VII. 
Figure 7) represent the earth, a the place of an observer on its surface, 
whose sensible horizon is h o, rational horizon h o, and zenith at z ; also 
let s g be part of a vertical circle, whose radius is the distance of the moon 
from the earth's centre ; f g part of a vertical circle, whose radius is the 
distance of a planet from the earth's centre, and z o a vertical circle in the 
sphere of the stars. Now, to a spectator at a, if the moon appear in n, its 
apparent place in the heavens will be at a; but if viewed from the centre 
t, its true place will be at the point b : the difference of these places, 
measured by the arch a b, is its paraUaw in altitude 

But if the moon be in the sensible horizon at g, its apparent place will 
be at o, and its true place at n; the arch o n is called its horizontal 
parallax. > Moreover, if# be the place of a planet in the horizon, the arch 
od will be its horizontal parallax; and if its place be at r, the arch a b will 
be its parallax in altitude. 

The parallax of an object is greatest at the horizon, and gradually 
diminishes as the body rises above the horizon, until it comes to the zenith, 
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where the parallax vanishes. Thus o d and o d, the horizontal parallaxes 
of g and g 9 are greater than a b or a 6, the parallaxes of a and r; and the 
objects at s or p, seen from a or t, will appear in the same plate z, or the 
senith. The parallaxes of different objects are less or greater, as those 
objects are more or less distant from the earth. Thus the parallax o o of 
the moon g 9 is greater than the parallax o d of the planet g. It is likewise 
evident from the Figure, that the altitude of an object seen from the earths 
surface, is less than it would be if seen from the centre; hence the parallax 
is to be added to the apparent altitude, in order to obtain the true altitude. 

The moon's parallax is greater than that of the other heavenly bodies, 
owing to its being nearer the earth; at the horizon it varies from about 
61' 32" to 53' 52", and is set down in Page III. of each Month in the 
Nautical Almanac. The sun's mean horizontal parallax is 8J"; that of 
the planets is variable, according to their distance from us in the different 
parts of their orbits. 


TIME. 


Time is a part of duration, and is measured by the motions of the 
heavenly bodies. It is divided into years, months, days, hours, &c. 

A day is the interval between two successive transits of the sun, moon, 
or a star; and is denominated either a solar, lunar, or sidereal day, 
according to the name of that body to which it is referred. 

A sidereal day is the interval between the transit of a star over a 
meridian, and its return to the same; and since the revolution of the earth 
on its axis is always performed in the same portion of time, the sidereal days 
will be of equal length. The day is divided into 24 sidereal hours, and these 
again are subdivided into sidereal minutes and seconds. The sidereal day 
commences when the first point of Aries passes the meridian, and continues 
until its return to the same. This mode of reckoning is used by Astronomers 
in their observatories, where there is generally a clock pointing out sidereal 
time, by which they ascertain the right ascensions of the heavenly bodies, as 
they pass the meridian of the place. 

A solar or apparent day is the interval between the sun's departure 
from, and return to the same meridian. It is divided into 24 solar hours, and 
these again are subdivided into minutes and seconds: any portion of this 
day is called true apparent or solar time , and is that whicn is shewn by a 
sun-dial. 

The length of the solar day being subject to continual variations on 
account of the eccentricity of the earth's orbit, and the obliquity of die 
ecliptic to the equinoctial, Astronomers, with the view of obtaining a 
convenient and uniform measure of time, have recourse to what they call a 
mean solar day, the length of which is equal to the mean, or average, of aO 
the apparent solar days m a year; such as would be shewn by the sun if it 
moved always uniformly in the equinoctial: a clock, or chronometer, thus set, 
is said to be adjusted to mean time . 
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A neon solar day is longer than a sidereal one; for as the sun, in its 
apparent annual motion, advances in the ecliptic nearly a degree eastward 
every day, it will take more time than a fixed star to return to the same 
meridian; the mean solar day exceeding the sidereal day by 8 m. 56.55s. 
of sidereal time.* 

Since we can obtain only apparent time immediately from observations of 
the heavenly bodies, we must, in order to reduce this to mean time, apply a 
correction, call the equation of time> taken from Page I. of the given month 
in the Nautical Almanac, and applied as directed at the head of its column; 
but should we have occasion to reduce mean time to apparent time, then the 
equation*is to be taken from Page II. of the Nautical Almanac, and applied 
as directed in that page. 

Suppose, for example, it were required to find the time that should be 
shewn by a clock or chronometer, keeping mean time, on March 1st, 1835, 
at 3 hours after the sun has passed the meridian of Greenwich, that is, 
at 3 hours of apparent time, or what is generally called 3h. P. M. 

In Page I. for the month of March, in the Nautical Almanac, the equation 
of time, on the first day, is 12m. 42.14s. at apparent noon, and the change 
in one hour, as shewn in the following column, is 0.497s.; this multiplied 
by 3, the number of hours since noon, gives 1.491s.-f- which being subtracted 
from 12m. 42.14s., because the equation is decreasing, leaves 12 m. 40.65s. 
for the reduced equation: now, add this quantity to 3 hours, the apparent 
ime, as indicated at the top of the column, and the sum 3h. 12m. 
tO. 65s. is the mean time which ought to be shewn by the chronometer 
vhen the solar or apparent time is 3 hours past noon on March 1st, at 
he meridian of Greenwich. 

On the contrary, if on the same day, at 3 hours of Greenwich mean 
ime, we required the corresponding apparent time, then 12m. 40.76s., the 
equation of time, taken from Page II. of the Nautical Almanac, and 
educed as above, is to be subtracted from the mean time, 3 hours, and 
he remainder 2h. 47m. 19.24s. will be the corresponding apparent time 
;t Greenwich. 

Again, suppose it were required to find the mean time, on April 15th, 
835, corresponding to 15h. 8m. 30s. apparent time at Greenwich. 
<fow, in this case the equation of time on the preceding apparent noon 
3 , by Page I. of the montn in the Nautical Almanac, 0m. 7.94s. additive 
o the apparent time; but on the following noon it is Om. 7.07s. subtractive; 
wr the equation first decreases to 0, and then increases; consequently 
be sum of the two equations, 15.01s., is the amount of the change in 24 
ours; the difference for one hour, 0.625, multiplied by 15, the hours since 
oon at Greenwich, will give the product, 9.37s., which being greater than 
m* 7.948., the equation at the preceding noon, the latter is to be subtracted 
rom it, and the remainder 1.43s. will be the reduced equation of time, to 
e subtracted from 15h. 8m. 30s., the given apparent time at Greenwich, 

* A sidereal day is equivalent to 23h. 56m. 4.09s. of mean time; and a mean solar day 
>ntains 24 h. 3 m. 56.55 s. of sidereal time. 

+- The correction for the daily change or variation of the equation of time, may be found 

lfficiently exact for most practical purposes by Table LI . -- . See the Explanation to 

lat Table. 


X 
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(according to the precept at the head of the column); and the remainder 
15h. 8 m. 28.57s. will be the corresponding mean time at Greenwich. 

A lunar day is the interval between the moon's passing a meridian and 
return to the same, its length being about 24h. 49m. of solar time: but 
the moon’s motion in the heavens being very irregular, the lunar day is 
never employed as a measure of time. 

There are three different modes of reckoning time with respect to the 
commencement of the day; these are denominated civil , astronomical^ 
and nautical. 

The civil day, which is that used by the generality of mankind, begins 
at midnight, and ends at the midnight following: it is divided into two parts 
of 12 hours each ; the first are marked A. M., signifying ante meridiem , or 
before noon; and the latter twelve are marked r.M., signifying post 
meridiem , or afternoon. 

The astronomical day commences twelve hours after the civil day, that 
is, at noon, and concludes at the following noon: it is generally reckoned 
through the 24 hours, from noon to noon; and what are by tne civil, or 
common way of reckoning, called morning hours, are by Astronomers reckoned 
in succession from 12, or midnight, to 24 hours: for instance, 9 o’clock in 
the morning, July 3d, civil time, is July 2d at 21 hours astronomical time. 

It thus appears that, from noon to midnight, the day of the month, and 
the hour of the day, are the same by both methods of reckoning; but from 
midnight to noon they differ; for at midnight, when the new civil day 
begins, the astronomical day of the same date will not commence till 
12 hours after. 

The nautical or sea day begins at noon, or 12 hours before the civil 
day, and ends at noon of the civil day; it is divided into two parts of 
12 hours each, the former being marked P.M , and the latter A.M. This 
mode of reckoning arises from the custom of seamen dating their log for 
the preceding 24 hours, the same as the civil day; so that occurrences 
which happen, for instance, on Monday, 21st, afternoon, are entered in 
the log marked Tuesday, 22d. Hence the noon of the civil day, the 
beginning of the astronomical day, and the end of the nautical day, take 
place at the same moment. 

Ships in the Royal Navy, and some merchantmen, date their log accord¬ 
ing to the civil mode of reckoning, calling the first 12 hours A.M., and 
the latter P. M., but make up the day’s work as usual, from noon to noon, or 
at the middle of the civil day. 

All the computations in the Nautical Almanac being made for astro¬ 
nomical time at the meridian of Greenwich, (the days commencing either 
at apparent or mean noon, as expressed at the top of the several pages), it 
will be necessary, before the quantities are reduced to the time of observation, 
to ascertain the corresponding time at Greenwich when the observation is 
taken. Now, by the diurnal revolution of the earth round its axis from 
West to East, all the heavenly bodies appear to move in a contrary 
direction, that is, from East to West, over 36(P of longitude in 24 hours, 
which is at the rate of 15 degrees in one hour of time; consequently, at 
any place situated 15 degrees to the eastward of the meridian of Greenwich, 
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it will be noon at that place (me hour before it is noon at Greenwich; 
but if the place be in 15 degrees of West longitude, it will be noon 
there one hour after it is noon at Greenwich, and in the same proportion 
for any other given longitude: hence we have the following rule for ascer¬ 
taining the time at Greenwich corresponding to any given time under 
another meridian. 

Rule. Reduce the given longitude into time by Table XIX., and add 
it to the astronomical time at the given place, if the longitude be West; but 
subtract it, if East; and the sum or remainder will be the corresponding 
Greenwich time. 

In East longitude, when the longitude in time exceeds the time under 
die given meridian, add 24 hours to the latter, and subtract as before; 
then die remainder will be the time past noon of the preceding day. 

In West longitude, when the sum of the longitude in time, and the time 
under the given meridian, exceeds 24 hours, take 24 hours from it, and 
the remainder will be the time past noon of the following day. 

EXAMPLE I. 

What will be the time at Greenwich, on October 5th, when it is 6 hours 
past noon, in longitude 45°S0 / West? 

h. m. 


Time under the given meridian........ 6 0 

Longitude in time (XIX.) .... 3 2 West. 

Corresponding time under the meridian of Greenwich. 9 2 


EXAMPLE II. 

Required the time at Greenwich, corresponding to July 21st, at 


9h. 42m. 80s. A. M. (civil time), in longitude 70° 19 7 . East. 

h. m. •• 

Astronomical time under the given meridian, July 20th ... 21 42 30 
Longitude in time (XIX.).... 5 5 16 East. 

Astronomical tune at Greenwich, July 20th. 16 37 14 


EXAMPLE III. 

February 15th, being in longitude 115° S6 7 E,, an observation was taken 
at 8h. 48m. 36s. P. M.; required the corresponding Greenwich time. 


h. m. s. 

Time of Observation at Ship, February 15th........... 2 48 26 

24 


Ditto after noon, February 14th........ 26 48 26 

Longitude in time (XIX.) ....... 7 42 24 East. 


Greenwich time, February 14th . 19 6 2 
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EXAMPLE IV. 

March 21st, at Sh. 46m. 17s. A. M. (civil time), in longitude 180? 4^ 
West; required the corresponding astronomical time at Greenwich. 


h. m. s. 

Astronomical time under the given meridian, March 20th. 18 46 17 
Longitude in time (XIX.).*.. 8 42 40 W. 


Astronomical time at Greenwich, since noon, March 20th... 27 28 57 

24 


Ditto at Greenwich, March 21st... 3 28 57 


EXAMPLE V. 

November 12th, 1835, in longitude 49° 17' W., at 4h. 46m. 17s. F. AL, 
apparent time; required the mean time at Greenwich. 


h. m. s. 

Apparent time, in longitude 49° 17' W. 4 46 17 

Longitude in time (XIX.)... 3 17 8 W. 


Apparent time at Greenwich . 8 3 25 

Reduced equation of time (Page I. Naut. Aim.) . — 16 42 


Mean time at Greenwich .... 7 47 43 


WINDS. 


THE air, or atmosphere, which encompasses our terraqueous globe, and 
extends several miles above its surface, is by its elasticity capable of 
being expanded, or of spreading itself so as to fill up a larger space than it 
before occupied, and of being condensed or compressed into a less space. 
The principal causes in producing these effects are heat and cold; the former 
rarefying or expanding, and the latter condensing or compressing the air: 
when, therefore, any portion of it becomes heated, the cooler or denser air 
from the neighbouring parts will acquire a motion towards the thinner, in 
order to restore the equilibrium, and thereby occasion those currents of air 
which are called Winds. 

Although various causes may contribute to produce this inequality in 
the density of the atmosphere, yet the most general and permanent is the 
influence of the sun’s rays, by which the air in the regions about the equator 
being heated to a greater degree, and consequently more rarefied than that 
which is nearer to either Poles, the more ponderous or dense air will have 
a motion from the north and south, in order to preserve the equilibrium; 
but as the sun is continually shifting to the westward, that part towards 
which the air tends, by reason of the rarefaction, is with him carried 
westward, and consequently the tendency of the whole body of air is that 
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way; hence a general easterly wind is formed, which being impressed upon 
all the air of a vast ocean, the parts impel one another, and so keep moving 
till the next return of the sun, by which so much of the motion as was lost, 
is again restored, and thus the easterly wind is made perpetual: the 
combination of these two currents of air acting at the same time, will 
produce a north-easterly wind in the northern hemisphere, and a south¬ 
easterly wind in the southern hemisphere. 

If the whole surface of the globe were sea, these winds would constantly 
blow quite round the world without interruption; but as water is of a more 
even temperature than land, the latter will sometimes be hotter and some¬ 
times cooler than the former, rarefying or condensing to a greater degree 
the air immediately above, whereby the air will be put m motion, the denser 
towards the lighter, in order to restore the equilibrium: hence when a 
considerable body of land intervenes, particularly in the tropical regions, 
new points of rarefaction and condensation take place, sufficiently powerful 
x> counteract the former more remote, and therefore more feeble cause; for 
t is to be observed, that the atmosphere derives a greater portion of its heat, 
lear the surface, from its communication with land and water, than from 
he direct influence of the sun. 

Partial and temporary winds are likewise frequently produced by thunder- 
torms, or other electrical phenomena. The rays of the sun are also 
ometimes obstructed by clouds, or mists in particular places; and one 
►art of the world, or even of a particular country, will consequently be 
3 ss heated than another: in that case there will always be a current of air 
rom the cold to the warm region. Besides this, the falling of rain, or 
ther circumstances, produce occasional alterations in the temperature of 
be air; and whenever these take place in any country, they must be 
ttended with wind. 

In those parts of the Atlantic and Pacific Oceans which are remote from 
le influence of the land, between the limits of about 28 or 30 degrees of 
orth and south latitude, there is a constant easterly wind, the cause of 
hich we have already assigned in the preceding observations. On the 
orth side of the equator the wind blows from between the north and the 
ast, and on the south side from between the south and the east, inclining 
tore to the north and south as they are further from the equator: these 
inds are denominated the N. E. ana S. E. trade winds. 

But we are not to conclude that the above limits are without exception; 
>r both their direction and extent vary much with the season of the year. 
V r hen the sun approaches the tropic of Cancer, the S. E. trade-wind prevails 
irther to the northward of the line, inclining more to the south than the 
ist, and the N. E. trade-wind more to the eastward; on the contrary, when 
e is in Capricorn, the N. E. trade-wind extends more to the southward of 
ic equator, but inclining more to the northward, and the S.E. veers a little 
lore to the eastward. 

The S. E. trade-wind generally extends as far as 5 or 6 degrees to the 
orthward of the line, and sometimes even to 7 degrees, according to the 
*asons : sometimes the N. E. and S. E. trade-winds almost meet each 
;her, leaving very little space between them; and at other times there will 
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be an interval of several degrees subject to calms, squalls, thunder, light¬ 
ning, and heavy rains. It has likewise been remarked, that between the 
trades, the wind frequently prevails from the S. W. quarter. 

The trade-winds extend to higher degrees of latitude on the coasts of 
North and South America than on the coast of Africa, sometimes as far as 
32 degrees on the North American coast, and to the same latitude south 
on the coast of Brazil; though they seldom exceed 28 degrees on the African 
side to the northward of the Cape of Good Hope. 

Beyond the limits of the trade-winds, in both the northern and southern 
hemispheres, the winds are variable, but for the most part prevailing from 
the westward, or W. S. W. in the northern, and from the W. N. W. in the 
southern latitudes: these winds often extend to the Tropics, and sometimes 
even as far as the 20th degree of latitude. 

The probable cause of the trade-winds thus changing to the opposite 
direction appears to be, that the rarefied air within the tropical regions 
being pressed upon by that which is cooler or denser, coming from the 
northward or southward, ascends to the upper part of the atmosphere, 
where the reflected rays of the sun has less influence, dispersing itself in 
order to maintain an equilibrium, and forming a contrary current at the 
commencement of the temperate zone, which produces the above-mentioned 
winds. But the above observation must be confined to particular seasons, 
within certain limits, and not be considered as invariably the case; for even 
in the South Atlantic Ocean, in those same parallels of latitude, the winds 
are light and variable, coming often from the S. E., and veering almost to 
every point of the compass. 

The N. E. trade-wind in the Atlantic Ocean blows in a regular fresh 

S tle at about 100 leagues from the coast of Africa; and it is remarked 
at, as ships approach nearer to the West Indies, this wind generally 
comes nearer to the east, so as seldom to deviate more than a point either 
to the northward or southward. 

On the coast of Brazil the S. E. trade-wind is subject to periodical 
shiftings, according to the respective seasons: it blows there from N. E- to 
E. N. E. between September and March, and from S. S. E. to E. S. E. 
from March to September. 

On the African coast, from Cape Blanco to Sierra Leone, the winds 
(excepting always land-breezes and storms) blow from the north, inclining 
rather from the westward than from the eastward. From Sierra Leone to 
Cape Palmas the ordinary course of the winds is from W. N. W., and 
beyond Cape Palmas, as far down as about 28 degrees of south latitude, 
from S. W. to South, inclining more to the southward or westward, according 
to the particular situation or bearing of the shores and lands. 

The reason of these dispositions of the trade-winds towards the land will 
appear obvious, from the general principles already laid down, when we 
consider the nature of the coasts, and their situation with regard to the sun. 
The vast Continent of Africa, for instance, being violently heated by the 
sun, especially those parts near the equator, the incumbent air will be 
exceedingly rarefied; and the sea being much cooler than the land, the 
current of air must almost constantly come from the westward, to restore 
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the equilibrium; and it is to be observed, that die winds on the coast of 
Guinea actually acquire this direction towards the shore within 80 or 100 
leagues, getting first more towards the south, then becoming full south, and 
afterwards shifting to the westward of the south. This part of the ocean 
is consequently much troubled with frequent calms, and with sudden and 
violent gusts of wind, known by the name of Tornadoes, which blow from 
all parts of the horizon. 

In the Gulf of Guinea there is a periodical wind, called the Harmattan , 
which blows in a N. E. direction from the interior parts of Africa. The 
season in which it prevails, is during the months of December, January, 
and February; it comes on indiscriminately at any hour of the day, at any 
time of die tide, or at any period of the moon; and continues sometimes 
only a day or two, sometimes five or six days, and it has been known to 
last fifteeen or sixteen days. There are generally three or four returns of 
it every season: it blows with a moderate force, but not quite so strong as 
die sea-breeze. It has been further observed, that between the 4th and 
10 th degree of north latitude, and between the longitude of Cape Verd 
and the easternmost of the Cape Verd Islands, there is a tract of sea which 
seems to be condemned to perpetual calms, attended with terrible thunders 
and lightnings, accompanied with such frequent rains, that this part of the 
sea is called the rains . This appears to originate from the same cause as 
those we have already stated; for this tract being placed in the middle, 
between the westerly winds blowing on the coast, and the easterly trade- 
wind blowing to the westward of it, the tendency of the air is here indifferent 
to either, and therefore keeps its place, and makes a calm; and the weight 
of the incumbent atmosphere being diminished by the continual contrary 
winds blowing from hence, is the reason that the air is not able to support 
the vapours plentifully raised here by the heat, but lets it fall in frequent 
and copious showers. 

All these circumstances duly considered will account for those circuitous 
passages which ships make in sailing from one distant port to another in 
the Atlantic Ocean, and for the difficulty they meet with in sailing to the 
southward, especially in the months of July and August, when the S. E. 
trade-winds usually extend to 7 or 8 degrees north of the equator, and not 
ttnftequendy vary so much as to blow from the south, and even a point or 
two to the west of the south; for in this case every mile that is then 
obtained, must be in the face of a constant trade-wind, directly opposing the 
track of the ship, and by an infinite degree of trouble, and constantly 
plying to windward. For if, on the one hand, a ship steers W. S. W., ana 
gets Use trade-wind more towards the east, she will be in danger of falling 
in too soon with tile coast and shoals of Brazil; and if she steers E. S. E., 
she must fall in with the coast of Guinea, and cannot extricate herself from 
that situation but by running down east to the Island of St. Thomas; it is 
fbr this reason that India ships, both outward and homeward bound, pass 
tile equator in the Atlantic between the longitudes of 18° and 23° West: by 
keeping this course, they never fall in with the coast of America, either 
going to the Cape of Good Hope, or returning from it, and at the same 
time they avoid tne calms on the coast of Africa. 

These circumstances likewise point out the only possible course for ships 
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to sail from the coast of Guinea for Europe; and that is* to steer away 
S.SK or South, and with these courses to run off the shore, while the 
wind becomes more and more contrary. Though ships, when near the 
shore, can lie south on this coast, yet when they get more distant, they can 
only make good a S. E. course, and as they get further out, they will only 
make good an E. S. E. course; but they can generally make the Island of 
St. Thomas, or Cape Lopez, with these directions, when they will find the 
winds to the eastward of the south. They then set off westerly from the 
coast, and run on till they come to 4 degrees south latitude, by which time 
they will find a constant trade-wind from the S. E. 

On account of these general winds, ships bound from England, or other 
parts of Europe, to the West India Islands, or to the southern parts of the 
coast of North America, even as far to the northward as Virginia, consider 
it as most advantageous to get to the southward as soon as possible; for on 
their reaching the latitude of 80 degrees, or thereabouts, where they get 
within the influence of the trade-winds, they can depend on having a steady 
gale from the eastward, so as to enable them to run before the wind. For 
the same reason, all ships returning from the West Indies* or the contiguous 
part of the coast of North America, endeavour to run up to 30 degrees 
north latitude, or even further north, where they first find the wind begins 
to be variable, so as to enable them to make to the eastward. Indeed, the 
most general and prevailing wind, without the northern limits of the trade- 
wind in the Atlantic Ocean, is between the south and west, and therefore 
fair for bringing ships to Europe. 

Again, ships bound to India from America run to the eastward in the 
variable winds, so as to be in the longitude of 85 or 88 degrees West when 
in the latitude of 80 degrees North; thence they steer south-easterly towards 
the Cape Verd Islands, passing two or three degrees to the westward of 
them. Being then in the general track of the European Indiamen, they 
steer south-easterly, to cross the equator between the longitude of IS 
and 9.3 degrees West, where meeting the S.E. trade-wind, they must brace 
up, and sail upon a wind till they get so far to the southward as to meet 
with the variable winds, when they may steer to the eastward. 

Between the parallels of 98 and 40 degrees of south latitude in the Indian 
Ocean, as we have already observed is the case in the South Atlantic, the 
wind is variable, but most frequently blows between the N. W. and S. W.; 
it is on this account that outward-bound East India ships generally run 
down their easting on the parallel of 86 degrees South. 

From the latitude of 28 degrees South to the equator, the S.E. trade-wind 
blows constantly without any considerable interruption in the Indian Ocean, 
as in the Pacific and Atlantic, between some few degrees to the eastward 
of Madagascar, as far. nearly as the Island of Java; but in the other parts 
of the Indian Ocean, and in the adjoining seas, the winds divide the year 
into two seasons, or monsoons *, blowing certain months in one direction, 
and the rest of the year in the opposite. 

In the Mozambique Channel, between the Island of Madagascar and the 
coast of Africa, tne monsoons prevail alternately; the S.W. begins in 


The word monsoon is derived from the Persian word motwum, which signifies season. 
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April, and continues till November: the N.E. then succeeds, and continues 
until April; but the S. W. monsoon in this channel is the firir season, and 
the wind sotnetimes varies towards the S.E. and E.S.E. on either coast, 
about the middle of November, where also there are in general regular 
land and sea breezes. The N. E. monsoon begins near the Comoro Islands 
and the north of Madagascar, but seldom extends beyond St. Augustine's 
Bay to the southward, towards which it commences only at the end of 
November. 

To the north of the equator, in the whole extent of the seas comprised 
between the eastern coast of Africa, and the meridian which passes through 
the western part of Japan, the monsoons blow from the S.W. between the 
middle of April and the middle of October, and from the N.E. during the 
rest of the year, excepting only the Red Sea and the Gulf of Persia, 
whieh have particular winds; to which we might also add the Straits of 
Malacca, where the winds are generally shifting, and in which the mon¬ 
soons do not blow for a long time. 

In the Red Sea the winds blow almost nine months of the year from the 
southward, that is, from the end of August to the middle of May, and 
sometimes to the end of that month, when the wind changes to the North 
and N.N.W., and generally continues in that quarter to the end of August; 
but sometimes the land and sea breezes prevail. 

In th^ Gulf of Persia the N.W. wind blows most part of the year, 
November, December, and January, being the only months when southerly 
winds are certain. These winds, however, are not so regular as those in the 
Red Sea, being often interrupted by fresh gales from the S.W., principally 
from Cape Mussendora, and sometimes by land-breezes. 

In die Gulf of Siam, on the Coasts of Cambodia or Camboge, Cochin 
China, the Gulf of Tonquin, and China, the S.W. monsoon commences 
near the coast in the course of the month of April; but out at sea, in those 
parts, it does not change till a month later. It is for this reason that on 
the north part of Borneo, to the Islands of Palawan and Luconia, it is 
seldom known to blow constantly, but from the 1st to the 15th or £Oth of 
May. As the S.W. monsoon continues only about six months, and 
commences near the coast, it there ceases first likewise, in the same manner, 
and is immediately succeeded by the N.E. monsoon. The winds in the 
China Seas are not so regular as in the Arabian Sea, and are frequently 
interrupted by violent and dangerous tyfoons.* These tyfbons are of the 
same nature with the hurricanes in the West Indies, both of which appear 
to arise from Violent and sudden changes in the upper and lower regions of 
the air; and it has been remarked that they happen, for the most part, 
about the autumnal equinox, and are always preceded by calms and hot 
weather. 

In that part of the Indian Ocean adjoining to New Holland, between 
Ac meridians of Sumatra and Java to the west, and New Guinea to the 
east, there is a regular monsoon, which sets in from the N.W. between the 
months of October and April; during the other months of the year the 


* From the Chinese words Ty, great or powerful,, and Foong , wind. 

Y 



162 


WINDS. 


wind resumes its natural course of S.E. These winds are called die N.W. 
and S. E. monsoons. 

The monsoons do not change suddenly from one point of the compass 
to the opposite; between the expiration of one, and the commencement of 
the other, the winds are light and variable, and sometimes calms prevail, 
until the regular monsoon commences, and acquires sufficient strength to 
blow steady. 

The shifting of the N.E. and S.W. monsoons is frequently attended 
with violent squalls; for which reason ships between the coasts of Malabar 
and Africa, it bound to Bombay from the southward, never attempt to 
make the former coast at the breaking up of the N. E. monsoon, particularly 
in the month of May; hence, likewise, they avoid the Coast of Coromandel 
in the month of October: for it is a fact worthy of remark, that the bad 
weather month on the Coast of Malabar is the fine weather month on the 
Coast of Coromandel, and vice versd, although these coasts are situate on 
the same peninsula. 

The most obvious cause of the above periodical changes in the wind 
appears to be the situation of the sun in the ecliptic at the different 
seasons of the year; for when the sun approaches the Tropic of Cancer, 
the soil of Persia, Bengal, China, and the adjoining countries, becomes so 
much more heated than the sea to the southward of those countries, that 
the current of the general N. E. trade-wind is interrupted, so as to blow at 
that season from the south to the north, contrary to wnat it would do if no 
land were there; but as the high mountains of Africa, during all the. year, 
are extremely cold, the low countries of India to the eastward of it becomes 
hotter than Africa in summer, and the air is naturally drawn thence to the 
eastward: hence it is that the wind in those parts blows from the S.W. 
between April and October, contrary to the trade-winds in the Atlantic and 
Pacific Oceans in the same latitudes; but when the sun retires towards the 
Tropic of Capricorn, these northern parts become cooler, and the general 
trade-wind assumes its natural direction from the N.E. 

Upon the same principle we account for the monsoons adjoining New 
Holland, which we find is an immense tract of land to the S.E. of the 
Sunda and Molucca Islands; for when the sun is in the Tropic of Cancer, 
the current of air, even independent of the trade-wind, will move from the 
S.E., to restore the equilibrium to the N.W.; on the contrary, in the 
months of November, December, and January, whilst the sun is nearly 
vertical over a great part of New Holland, the current of air, through the 
Sunda and Molucca Islands, will come from the N. W., to fill up the vacuum 
made by the rarefication, and thus occasion an alternate S.E. and N.W. 
monsoon. 

The cause of land and sea breezes , which prevail principally between the 
Tropics, and never extend above three or four leagues from the shore, may 
be explained after the same manner as the monsoons. For during the day 
the sea is not so much heated by the presence of the sun as the land, nor is 
it so much cooled during the night; therefore, when the earth begins to be 
violently heated in the course of the day, the cooler air from the sea will 
rush in towards the land, to supply the deficiency occasioned by the greater 
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rarefaction of the air; and hence arise the sea-breezes. On the other hand, 
the land becoming cooler than the water in the absence of the sun, the 
current of air, a few hours after sunset, flows from the land to the sea, and 
thus produces the land-breeze. 


TIDES. 


A tide is that regular morion of the waters of the ocean by which they 
rise and fell in certain intervals of time. The rising of the water is called 
the flux, or flood; and its falling, the reflux , or ebb. When the water has 
attained its greatest height, it is said to be high water; and when it is 
done falling, it is called low water. 

These periodical motions of the waters are effected by the unequal 
attraction of the sun and moon, but chiefly that of the latter object, on the 
different parts of the earth. For the discovery of the laws by which this 
general principle of attraction is governed, we are indebted to the great Sir 
Isaac Newton, who has demonstrated that the power of attraction diminishes 
as the distance increases, in proportion to the squares of those distances. 

Now it is evident by the above law, that those parts of the earth nearest 
the moon, are more attracted by her than the central parts; and that the 
central parts will be more attracted than those which are farthest from her: 
and therefore the distance between the earth's centre and the waters upon its 
surface, under and opposite to the moon, will be increased; so that if the 
earth's surface were covered with water, it would assume a spheroidal, or 
egg-like figure, the longest diameter of which would be directed to the 
moon's centre. Hence those parts of the earth directly under and opposite 
the moon, that is, where the moon is in the zenith and nadir, will have the 
flood, or high water, at the same time; while those parts at 90 degrees 
distance, or where the moon appears in the horizon, will have the ebb, or 
lowest water, at that time. As tne moon apparently shifts her position from 
east to west, in going round the earth every day, the longest diameter of the 
spheroid following her motion, occasions two floods and ebbs, in about every 
24hours and 49 minutes, which is the length of a lunar day; or the interval 
between the moon's passing the meridian of any place, and returning to the 
same. 

The earth's diameter bears a considerable proportion to its distance from 
the moon, but is next to nothing when compared to its distance from the 
sun; therefore the difference of the sun's attraction on the sides of the 
earth under and opposite to him, is much less than the difference of the 
moon's attraction on the sides of the earth under and opposite to her, and 
consequently the moon must raise the tides much higher than they can be 
raised by the sun. 

From this theory, it may be thought the tides ought to be highest 
directly under ana opposite the moon; but we And that in open seas, 
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where the water flows freely, the moon is generally past the meridian when 
it is high water. The reason is obvious; for though the moon's attraction 
were to cease altogether, when she was past the meridian, yet the motion of 
ascent communicated to the water before that time, would make it continue 
to rise for some time after; much more must it do so when the attraction is 
only something diminished. 

The times of high water do not always answer to the same distance of 
the moon from the meridian at the same places; but are variously affected 
by the action of the sun, which brings them on sooner when the moon is m 
her first and third quarters, and keeps them back later when she is in her 
second and fourth; because, in the former case, the tide raised by the sun 
alone, would be earlier than the tide raised by the moon; and in the latter 
case, later. 

When the moon is in perigee , or at her nearest distance from the earth, 
she attracts strongest, and therefore raises the tides most; the contrary 
happens when she is in apogee , or at her greatest distance from the earth, 
because of her weaker attraction. At new moon, when the moon is in 
conjunction with the sun, the tides are raised by the joint attraction of both 
luminaries, and therefore will be highest; the same is the case at full moon, 
when the sun and moon are in opposition: for whilst the moon raises the 
tides under and opposite her, the sun acting in the same line, raises the 
tides under and opposite to him, whence their conjoint effect is the same ts 
at the change, and in both cases occasions what are called spring-tide*. 
But at the quarters, the sun raises the tides where the moon depresses them, 
and depresses them where they would be raised by the moon: hence it is the 
difference of their actions that produces the tides at the quarters, and these 
are called neap-tides . But these tides do not happen till a day or two after 
the above times; because in this, as in other cases, the effect is not greatest 
or least when the immediate influence of the cause is greatest or least, but 
some time afterward. 

The sun being nearer the earth at the beginning than at any other time 
of the year, its attraction will then be most powerful; and of course about 
January the spring-tides will be greater than at any other time, and greatest 
of all if the moon at the same time should happen to be in perigee. 

When the moon is in the equinoctial, the tides are equally high in both 
parts of the lunar day; but as the moon declines from the equinoctial 
towards either Pole, the tides are alternately higher and lower at places 
having north or south latitude. Whilst the moon has north declination, 
the greatest tides in the northern hemisphere are when she is above the 
horizon, and the reverse whilst her declination is south. 

The tides rise higher at any place in proportion as the moon is nearer to 
the zenith or nadir of that place at the time of her passing the meridian; 
because the action of the moon is there strongest: hence the tides are 
greater between the Tropics than at any other parts, and less near the Pole* 

All the above particulars would exactly obtain were the whole surface of 
the earth covered with deep water; but since there are multitudes of islands 
besides continents lying in the way of the tide, which interrupt its direct 
course, there arises a great variety of other appearances which require 
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u particular solutions, wherein die situation of the shores, straits, shoals, 
x winds, and other things must be considered. For instance, as the sea has 
it no known passage between Europe and Africa, let them be supposed one 
£ continent, extending from Weigate Straits, in latitude 78° North, to the 
; v Cape of Good Hope, in latitude 34° South; the middle of these two would 
be in about 19° North, near Cape Blanco on the west coast of Africa. But 
2 it is impossible the flood-tide should set to the westward upon the western 
r . coast of Africa (for the general tide, following the course of the moon, must 
set from east to west), because the continent for above 50 degrees, both 
23 northward and southward, bounds that sea on the east; therefore, if any 
3 # regular tide, proceeding from the motion of the sea, from east to west, should 
i3i: reach this place, it must come either from the north of Europe southward, or 
from the south of Africa northward. 

^ This opinion is further corroborated, or rather fully confirmed, by 
!j common experience, which shews that the flood sets to the southward along 
i- the west coast of Norway, from the North Cape to the Naze, or entrance of 
5 , the Baltic Sea, and so proceeds to the southward along the east coast of 
^ Great Britain, and in its passage supplies all those ports which lie in its 
' c way, one after another. The coast of Scotland has the tide first, because it 
^ comes from the northward to the southward. On the full and change days 
^ it is high water at Aberdeen at Oh. 45m., but at Tynemouth Bar not till 
0 £h. 50m.; rising thence to the southward, it makes high water at the Spurn 
30m. after5h.; atYarmouth Roads 40m. after 8h.; at Harwich 11 h. 30m.; 
£ at the Nore Light 30m. after l£h., and at London Bridge at £h. 7m., all in 
^ the same day. And although this may seem to contradict the hypothesis of 
the natural motion of the tides being from east to west, yet as no tide can 
^ come west from the main continent of Norway or Holland, it is evident the 
^ tide we have been tracing, by its several stages from Scotland to London, is 
supplied by that tide, the original motion of which is from east to west. 

! As water always inclines to its level, it will in its passage fall to any other 
point of the compass, to fill up vacancies where it finds them; and yet not 
; contradict, but rather confirm the hypothesis. 

; From these circumstances it is evident, that the direct course of the rising 
tides from east to west being interrupted by the land lying in their way, they 
are often obliged to make a long circuit, and to flow in various directions; 
: whence the setting of the tides, and the times of high water, are different at 
1 different, places. 

1 Lakes and inland seas, such as the Caspian Sea, the Mediterranean, and 
^ the Baltic Seas, have little or no sensible tides; for they are usually so small, 

■ that the attractive influence of the sun and moon is nearly equal at both 
extremities, and cannot therefore sensibly affect the water. 

1 When the time of high water at any place is mentioned generally, it 
* is to be understood of the time when it is high water at that place on 
? the day of new or full moon; or the time past noon when it is high water 
r on the day on which the sun and moon are together on the meridian of 
( the place. Among pilots it is customary to reckon the time of flood, or 
high water, by the point of the compass the moon is supposed to bear on 
at that time, allowing three-quarters of an hour for each point. In places, 
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for instance, where it is flood at noon on the days of fall and change, the 
tide is said to flow north and south, or at 12 o'clock. In places where the 
moon is supposed to bear 1, 2, S, 4, or more points to the east or west 
of the meridian, when it is high water on the same day, the tide is said to 
flow on such a point; so if the moon is supposed to bear S. E. at flood, it 
is said to flow S. E. and N. W., or 3 hours before the moon comes to the 
meridian, that is, at 9 o'clock; if she bears S. W., it flows S. W. and N. E., 
or at 3 hours after the southing; and in like manner for other points of 
the moon’s bearing. But this absurd custom of reckoning the tides by the 
bearing of the moon, should be exploded, as founded in error; for the moon 
takes a greater or less portion of time in passing over any given number of 
points of the compass. 

In some places it is high water on the shore, or by the ground, while the 
tide continues to flow in the stream or offing; and according to the length 
of time it flows longer in the stream than on the shore, it is said to now 
tide, and such part of tide, allowing 6 hours to a tide. Thus 3 hours longer 
in the offing than on the shore make tide and half-tide; an hour and a 
half longer make tide and quarter-tide; three-quarters of an hour longer 
make tide and half-quarter-tiae, &c. 

The common method of finding the time of high water at any place is 
contained in the following particulars. 

OF LEAP YEAR. 

The length of the solar year being nearly 365 days 6 hours, and the 
common year containing only 365 days, one day is added every fourth year 
to the month of February, making that year contain 366 days, which is 
called bissextile, or leap year, and is found as follows: 

To find the Leap Year . 

Rule. Divide the given year by 4, and if there be no remainder, it is 
leap year; but if ], 2, or 3 remain, they shew that it is so many years after 
leap year. 

Example. The year 1838, divided by 4, gives 459, and the remainder2, 
which shews that it is the second year after leap year. 

OF THE EPACT. 

The Epact is the moon's age at the beginning of the year: it increases 
11 every year, being the excess of the solar year of 365 days, above the lunar 
year of 354 days, or 12 lunations. It is also observed, that the moon goes 
through all her variety of aspects, with respect to the sun, in the course of 
19 years; so that at the end of that period, which is called the lunar cycle, 
the new and full moons return on the same days of the month, and nearly 
at the same hours. Hence the following Rule: 

To find the Epact. 

Rule. Divide the given year by 19; multiply the remainder by 11* and 
the product will be the Epact, if it does not exceed 29; but if it does, divide 
the product by 30, and the last remainder will be the Epact. 
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* Example. Required die Epaci for the year 1888. 

1838, divided by 19, gives 96 for the quotient, and 14 for the remainder, 

* which multiplied by 11, gives 164; this, divided by 30, gives the quotient6, 
E ; and the remainder 4; which remainder is the Epact for the year 1838. 

1 OF THE NUMBER FOR THE MONTH. 

- 3 The Number, or Epact for the Month, is the moon's age at the beginning 

2 of that month, when it is new moon on the 1st of January ; hence, 

To find the Number of any given Month . 

Rule. Divide the number of days contained in the preceding months, 
£< reckoning from the beginning of January, by 29.5, or rather 29.53 (the 
period of a mean lunation m days and decimal parts), and the nearest 

* whole number to the remainder is the Epact, or Number for the Month 
is required. 

r Example. Required the Number, or Epact, for September. 

,J - The days contained between the beginning of January and the beginning 
of September are 243; this number, divided by 29.53, gives the quotient 8, 
s' and tne remainder 6.76, or 7 nearly, which is the Epact for September. 

The Epacts, or Numbers for each Month, are as follow: 

Jan. Feh. Mar. Apr. May Vnne July Aug. Sept. Oct. Nor. Dec. 

^ In common years. 0101934577 9 9 

' In leap years.... 0 912345688 10 10 

? OF THE MOON’S AGE. 

The moon’s age is the number of days that has elapsed since the last 
change, or the new moon, and never exceeds 30. 

To find the Moon's Age . 

Rule. To the Epact of the Year add the Number for the Month, and 
the day of the month: the sum, if it does not exceed 30, is the moon’s 
age; but if it does, subtract 30 from it, and the remainder will be the 
moon’s age. 

Example. Required the moon’s age on July 4th, 1840. 


19 ) 1840 (96 Epact for 1840 .. 26 

171 Number for the month. 5 

— Day of the month..... 4 

130 — 

114 35 

_ 30 

16 — 

11 The moon’s age ..* 5 Days 


30 ) 176 (5 
150 


A 


The Epact for 1840 = 26 
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ON THE MOON’S PASSAGE OVER THE MERIDIAN. 

The moon passes the meridian of any place about 48 minutes, or four- 
fifths of an hour, later every day: now as the moon comes to the meridian 
with the sun on the day of new moon, the time that she comes to the 
meridian after the sun, on any day of her age, is easily found as follows: 

To find the Time of the Moon's Passage over the Meridian . 

Rule. Multiply the moon’s age by 4, and divide the product by 5; the 
quotient will be the hours, and the remainder, multiplied by 12, the minutes, 
past noon that the moon comes to the meridian. Or multiply the moon s 
age by 8, and point off the right-hand figure ; then the left-hand figure or 
figures will be the hours, and the product of the right-hand figure by 6, the 
minutes, past noon of the moon’s meridian passage. If the hours exceed 12, 
subtract that time from them, and the remainder will be the time of the 
moon’s passage over the meridian after midnight 

Example I. Required the time of the moon’s meridian passage, July 3d, 
1838. 

Epact for 1838 . 

Number for the month 
Day of the month. 

Moon’s age. 


Moon’s passage over meridian 8h. 48m.P.M- 


4 

4 

3 

11 Days 


Moon’s age 


11 D»y* 
4 


5)44 


8 4 
12 


Example II. At what time will the moon pass the meridian, October 
22d, 1840 ? 


Epact for 1840 . 26 

Number for the month . 8 

Day of the month. 22 

56 

30 

Moon’s age. 26 Days. 


Moon’s age. 26 Dqrs 


20.8 

6 

Moon passes meridian . 20h. 48m. PJL 

12 0 


Or 8h- 48m. A. M* 


To find the Time of High Water at any Place on any given Day 
of the Moon's Age . 

Rule. To the time of the moon’s meridian passage on the given day, 
add the time of high water at the given place on the full and change days 
(taken from Table LIII.); their sum is the time of high water at the place, 
past noon, on the given day. If this sum exceed 12 hours 24 minutes, 
which is about the interval between each succeeding tide, subtract 12 boms 
24 minutes from it; or if it exceed 24 hours 48 minutes, subtract 24 hours 
48 minutes from it, and the remainder will be the time of high water in the 
afternoon of the given day.* 

• It is to be observed that the above method gives the times of high water in tolar or 
apparent time, to which therefore the equation of time (taken from Page I. of the Month in 
the Nautical Almanac), should be applied, to reduce them to mean time*— See Page 153. 
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1848. 

Epaet for 1848...« 

Number for June., 

Day of the month 

39 

30 

Moon’s age. 9 Days 


Moon's age June 10th, 1848... 9 Days 

4 

sj~36 (l 

Moon’s meridian passage . 7h. 12m. 

Time at London (Table LUL) 2 7 

High water at London.. 9 19 P.M. 


Example I. Required the time of high water at London, June 10th, 




25 

4 

10 


Example II. At what time will it be high water in the Downs, 
September 25th, 1847? 


Epact for 1847. 14 Moon’s age Sept. 25th, 1847 ... 16 Days 

Number for September. 7 8 

Day of the month .. 25 ■■■ - - ■ 

— Moon’s meridian passage ... 12h. 48m. 

46 Time at Downs (TableLlII.) 11 15 

30 - 

— 24 3 

Moan's age......... 16 Days Subtract the time of a tide = 12 24 


High water in the Downs ... 11 39 P.M. 


The preceding method of finding the time of high water, which is that 
usually practised at sea, is founded on the supposition that the interval 
between the moon's passing the meridian, and tne time of high water, is 
always the same; but we have already observed, in the theory of the 
tides, that the sun brings on the tides sooner in the first and third quarters 
of the moon, and later in the second and fourth quarters, than if they were 
produced by* the influence of the moon only: hence it will be subject to an 
error on this account; besides which, the moon's age, as above found, will 
frequently be more than a day, and the moon's meridian passage above an 
hour, wide of the truth. We have therefore given a more correct method, 
with the aid of the Nautical Almanac, in which the moon's position with 
regard to the sun, her distance from the earth, the longitude of the place, 
and other particulars, are taken into account. The result of this method 
will seldom deviate many minutes from the truth, unless when the tides 
are greatly influenced by the winds. 

METHOD II. 

Rule. Find the time of the moon's meridian passage, in mean time , on 
the given day, in Page IV. of the month in the Nautical Almanac, and 
reduce it to the time of her passing the meridian of the given place by 
Table XVI.; with this time, corrected by the equation of time to the 
nearest minute, taken from Page II. of the month in the Nautical Almanac, 
by addition or subtraction, as directed at the top of the column, and the 
moon's semidiameter from Page III. of the Nautical Almanac, take out 
the corresponding correction from Table XVI*, which add to, or subtract 
worn, the above time, as directed in the Table; to the sum or remainder 
®dd the time of high water at the given place on full and change days 

z 
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(Table LXII.), and the sum will be the time of high water, in mean tine, 
past noon of the given day. But if the sum exceed 12h. 24m. or 24h. 48m., 
subtract those times from it, and the remainder will be the time of high 
water nearly, in the afternoon of the given day. 

But should greater accuracy be required, proceed thus: 

If the above sum be more than 12 hours, and less than 24 hours, the 
time of high water found as above, will be that on the following morning; 
in this case, therefore, to find it for the afternoon of the given day, diminish 
the moon's passage over the meridian of the ship by half the difference of 
the passages on the given and preceding days; then proceed as before, 
rejecting 12 hours from the result. Again, if the above sum be greater 
than 24 hours, it will be the time of high water after noon of the Moving 
day; when this is the case, diminish the moon's passage over the meridian 
of the ship, by the whole difference between the passages on the given and 
preceding days, and proceed as before, rejecting 24 hours from the result. 

When the time of high water is found for the afternoon of the given 
day, the time of high water on the preceding morning may be found by 
subtracting 24 minutes from it; or, on the foUowing morning, by adding 
24 minutes to it 

Example I. Required the time of high water, in mean time, at Falmouth, 
on October 27th, 1835. 

h. m. 

Moon’s meridian passage, in mean time, by Page IV. Nautical Almanac 6 15 
Correction forSh. 15m*4- Eq. of time 16m.=5h. 31m., and moon’s semi- 
diameter 16' 0" (Table XVI*.) . -1 12 


Time of high water at Falmouth, full and change days (Table LI1I.)... 
Time of high water at Falmouth, in mean time, October 37tb, 1835. ... 


Example II. Required the time of high water, in mean time, atCalcottt, 
in longitude 88° 27' E., on January 12m, 1835. 

Moon’s meridian passage, in mean time, at Greenwich, January 12th, 

by Page IV. Nautical Almanac . 

Correction to daily variation 52m., and long. 88° 27' E. (Table XVI.)... 

Moon’s meridian passage, in mean time, at Calcutta ... 

Correction to lOh. 15m. — Eq. of time9m.=10h. 6m., and moon’s semi¬ 
diameter at midnight 15' 15" (Tablft XVI.*) . 

Time of high water at Calcutta, full and change days (Table LIII.) ... 

Average time of a tide... 

Time of high water at Calcutta, in mean time, January 12th, 1835... 

Time of high water at Calcutta, in mean time, on the following morning 
Time of high water at Calcutta, in mean time, on the preceding morning 


h. 

m. 

10 

28 

— 

13 

To 

~15 

+ 

20 

To 

~S5 

3 5 

13 

40 

12 

24 


1 16 P.M. 
24 

1 40A.M. 
0 52AM. 


4 3 

5 30 

9 33 P.M. 
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Example III. Required the time of high water, in mean time, at Halifax, 


in longitude 63° 34/ W., on August 19th, 1835. 

Ih ID* 

Moon’s meridian passage, in mean time, at Greenwich, August 19th, by 

Ifage IV. in Nautical Almanac ... SO 55 

Correction to daily variation 54m., and long. 68° 34' W. (Table XVI.) -f* 3 

Time of moon’s meridian passage, in mean time, at Halifax. SI 4 

Correction to 21h. 4 m.—Eq. of time 3m.=21h. lm., and moon’s semi¬ 
diameter at noon on 20th, 15' 7" (Table XVI*.)... -f* 13 


21 28 

Time of high water at Halifax, full and change days (Table LIII.). 8 0 

29 23 

Arerage time of two tides ... 24 48 

Time of high water at Halifax, in mean time, August 19th, 1835. 4 35 P.M. 


The last two Examples may be worked more correctly as follow: 
Example II. Required the time of high water, in mean time, at Calcutta, 


in longitude 88° 27' E., on January 12th, 1835. 

h. m. 

Moon’s meridian passage, in mean time, at Calcutta, (as before) . 10 15 

Half the differences of passages (52m.) on the given and preceding days — 26 

9 49 

Correction to 9h. 49m.—Eq. of time 9m.=9h. 40m., and moon’s semi¬ 
diameter 15' 15" (Table XVI.*).....t.. + 22 

10 11 

Tima of high water at Calcutta, full and change days (Table LIII.) ... 3 5 

13 16 

Subtract... 12 

Time of high water at Calcutta, mean time, January 12th, 1835.. 1 16 P.M. 


Example III. Required the time of high water, in mean time, atHalifax, 


in longitude 63° 34 / W., on August 19th, 1835. 

h. m. 

Moon’s meridian passage, in mean time, at Halifax (as before). 21 4 

Differences of passages on the given and preceding days. — 52 

Moon’s meridian passage, mean time, at Halifax, August 18th. 20 12 

Correction to 20h. 12m.—Eq. of time 4m.=20h. 8m., and moon’s 
semidiameter at noon, August 19th, 14' 58" (Table XVI*.) . -f 4 

20 16 

Time of high water at Halifax, full and change days (Table LIII.). 8 0 

28 16 

Subtract. 24 0 

Time of high water at Halifax, mean time, August 19th, 1835 . 4 16 P.M. 


Not*. In pages 496, 497 of the Nautical Almanac for 1835, the mean times of high 
water at London Bridge are given for every day throughout that year, and will serve to 
find the same at any place on the Coasts of Great Britain, Ireland, or other parts near the 
meridian of Greenwich, as explained in page 540 of that Work. 

z 2 
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EXAMPLES FOR EXERCISE 

Required the times of high water at the following places and times. 

1. At Botany Bay, in longitude 151° 16' E., on 23d November, 1835. 

Am . By first method, lOh. 24m.P.M.; by last method, 9h.48m.P.M. 

2. At Boston, in longitude 71° 4' W., on 9th April, 1835. 

Am. By first metnod, 7h. 49m. P.M.; by last method,8h. 51m. P.M. 

3. At Calcutta, in longitude 88° 27' E., on 16th September, 1835. 

Am . By first method, 9h. 57m. P.M.; by last method, 9h. 30m. P.M. 

4. At Bombay, in longitude 72? 54' E., on 12th December, 1835. 

Am, By first method, 3h. 58m. P.M.; by last method, Sh.l8m.P.M. 

5. At New York, in longitude 74° S' W., on 20th July, 1835. 

Am, By first method, 4h. 6m. P.M.; by last method, 4 h. 44m P.M 

6. At Rio Janeiro, in longitude 43° 16' W., on 3d July, 1835. 

Am. By first method, 9h. 4m. P.M.; by last method,7h. 55m.P.M. 

7. At Trincomate, in longitude 81° 21' E., on 26th January, 1835. 

Am. By first method, 2h. 48m. P.M.; by last method, 4h. 17m. P.M. 

8. At Quebec, in longitude 71° 10' W., on 28th June, 1835. 

Am. By first method, 8h. 21m. P. M.; by last method, 8h. 24m. P.M. 

To find the Time of High Water at a given Place on the full and change 
Days of the Moon, when the Time of High Water is known at 
that Place on any other Day . 

Rule. Reduce the time of the moon's meridian passage at Greenwich 
in mean time , found in Page IV. of the month in the Nautical Almanac, to 
the time of her passing over the meridian of the given place, by Table XVI; 
to this time, corrected by the equation of time to the nearest minute, taken 
from Page II. of the month in the Nautical Almanac, by addition or 
subtraction, as directed at the top of the column, apply the correction from 
Table XVI*, and subtract the result from the observed time of high water in 
mean time on the given day: the remainder will be the time of nigh water 
at the given place, on full and change days. 

But should the time to be subtracted, be greater than the observed time 
of high water, from the time of the moon's meridian passage over the given 
place, subtract half the difference of two successive passages, and then 
proceed as before, adding 12 hours to the observed time of high water. 
Again, should the time to be subtracted, be still the greater, take Uie whole 
difference of two successive passages from the time of the moon's passing 
the meridian of the place, and proceed as before, adding 24 hours to the 
observed time of high water. 

Example I. Suppose that in the harbour of Rio Janeiro, in longitude 
43 5 16' W., on the 3d of July, 1835, the time of high water should be at 
7h. 55m. P.M., required the time of high water on the full and change days 
of the moon. 
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h*< DU 

Moon’s meridian passage, in mean time, at Greenwich, July 3d, by 


Page IV. of Nautical Almanac .... 6 10 

Correction to daily variation 49m. and long. 48° 16' W. (Table XVI.) 6 

I Moon’s meridian passage, in mean time, at Rib Janeiro.... 6 16 

> Correction to 6h. 16m. —Eq. of time 4m.=6h. 12m. and moon's semi¬ 
diameter lfT 0" (Table XVI. # )....... - 1 1 

5 15 

* Observed time of high water, in mean time . 7 55 


Time of high water, at Rio Janeiro, on full and ohange days . 2 40 PJI. 


Example II. Suppose that in the harbour of New York, in longitude 
* 74° 8 W., on the 13th February, 1835, the time of high water should 

3 be At 9h. 26m. P.M., required die time of high water on the full and 
change days. 


h. xn. 

Moon’s meridian passage:, in mean time, at Greenwich, February 13th, by 

Page IV. of Nautical Almanac..... 12 51 

Correction to daily variation 52m., and long. 74° 3' W. (Table XVI.)... - -f* 10 


Moon’s meridian passage in mean time at New York.. 13 1 

Half the difference (52m.) of passages, on given and following days.. — 28 


12 35 

Correction to 12h. 35m.—Eq. of time 15m.—12h. 20m. and moon’s 
semidiameter, at midnight, 16' 6" (Table XVI *) . — 3 


f 12 32 

Observed time, of high water, in mean time, -{-12 hours. 21 26 

Time of high water, at New York, on full and change days . 8 54 P.M. 


; HADLEY’S QUADRANT. 


■ It is generally allowed that we are indebted to John Hadley, Esq. for the 
? invention, or at least the first public account, of that admirable instrument, 
| commonly called Hadley’s Quadrant, who, in the year 1731, first com¬ 
municated its principles to the Royal Society, which were by them published 
r soon after in their Philosophical Transactions. Before this period the Cross 
’ Staff, and Davis’s Quadrant, were the only instruments used for measuring 
altitudes at sea; both very imperfect, and liable to considerable error in 
rough weather: the superior excellence, however, of Hadley’s Quadrant, 
soon obtained its general use among seamen; and the many improvements 
this instrument has received from ingenious men at various times, have 
rendered it so correct, that it is now applied, with the greatest success, to 
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DESCRIPTION AND USE 


the important purposes of ascertaining both the latitude and longitude 
at sea. 

Figure 1, Plate VIII. is a representation of Hadley’s Quadrant; the 
principal parts of which are, the Octant, or Frame abc; the Arch, or 
Limb bc ; the Index d; the Nonius, or Vernier Scale, e; the Index Glass?; 
the Fore Horizon Glass g ; the Back Horizon Glass h ; the Shades, or 
Dark Glasses, i; and the Sight Vanes x and l. 

The Octant, or Frame, is generally made of ebony, or other had 
wood, and consists of an arch firmly attached to two radii or bars as, ac, 
which are strengthened and bound by the two braces m and n, in aider to 
prevent it from warping. 

The Arch or Limb, although only the eighth part of a circle, is, oo 
account of the double reflection, divided into 90 degrees, numbered 0,10, 
20, 30, &c. from right towards the left; these are subdivided into 3 parts, 
containing each 20 minutes, which are again subdivided into single minutes, 
by means of the scale at the end of the Index. The arch extending fromO 
towards the right-hand, is called the arch of excess. 

The Index is a flat brass bar, that turns on the centre of die instrument 
At the lower end of the index there is an oblong opening. To one sided 
this opening a nonius scale is fixed, to subdivide the divisions of the arch. 
At the bottom, or end of the index, there is a piece of brass which bends 
under the arch, carrying a spring, to make the nonius scale lie dose to the 
divisions; it is also furnished with a screw, to fix the index in any desired 
position. 

Some instruments have an adjusting or tangent-screw fitted to the 
index, that it may be moved more slowly, and with greater regularity and 
accuracy than by the hand: it is proper, however, to observe, that die 
index must be previously fixed near its right position by the show¬ 
men tioned screw, before the adjusting screw is put in motion. 

The Nonius is a scale fixed to the end of the index, for the purposed 
before observed, of dividing the subdivisions on the arch into minutes 
It sometimes contains a space of 7 degrees, or 21 subdivisions of the limb, 
and is divided into 20 equal parts; hence each division on the nonius wiObe 
one-twentieth part greater, that is, one minute longer than the divisions oo 
the arch; consequently, if the first division of the nonius, marked 0, be set 
precisely opposite to any degree, the relative position of the nonius and the 
arch most be altered one minute before the next division on the nonius will 
coincide with the next division on the arch. The second division will require 
a change of two minutes; the third of three minutes; and so on, till the 
20th stroke on the nonius arrives at the next 20 minutes on the arch; the 
0 on the nonius will then have moved exactly 20 minutes from the division 
whence it set out, and the intermediate divisions of each minute have bees 
regularly pointed out by the divisions of the nonius. 

The divisions of the nonius scale are in the above case reckoned from the 
middle towards the right, and from the left towards the middle; therefor 
the first 10 minutes are contained on the right of the 0, and the other 10 on 
the left. But this method of reckoning the divisions being found incon¬ 
venient, they are more generally counted, beginning from the right-hand 
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l towards the left; and then SO divisions on the nonius are equal to 19 on 
the limb: consequently one division on the arch will exceed one on the 
i nonius by one-twentieth part, that is, one minute. 

e The 0 on the nonius points out the entire degrees and odd twenty 
i minutes subtended by the objects observed; and if it coincide with a 
! division on the arch, points out the required angle: thus, suppose the 0 
on the nonius stands at 25 degrees, then 25 degrees will be the measure of 
[i the angle observed; if it coincides with the next division on the left-hand, 
c 25 degrees 20 minutes is the angle; if with the second division beyond 25 
i degrees, then the angle will be 25 degrees 40 minutes; and so on in every 
instance where the 0 on the nonius coincides with a division on the arch; 

5 but if it do not coincide, then look for a division on the nonius that 
a stands directly opposite to one on the arch, and that division on the nonius 
p gives the odd minutes to be added to that on the arch nearest the right- 
j mind of the 0 on the nonius: for example—suppose the index division does 
n not coincide with 25 degrees, but that the next division to it on the nonius 
is the first coincident division, then is the required angle 25 degrees 
j 1 minute; if it had been the second division, the angle would have been 25 

1 degrees 2 minutes, and so on to 20 minutes, when the 0 on the nonius 
:: would coincide with the first 20 minutes on the arch from 25 degrees. 

2 Again, let us suppose the 0 on the nonius to stand between 50 degrees and 

3 50 degrees 20 minutes, and that the 15th division on the nonius coincides 
* with a division on the arch, then is the angle 50 degrees 15 minutes. 

Further, let the 0 on the nonius stand between 45 degrees 20 minutes and 
, 45 degrees 40 minutes, and at the same time the 14th division on the 
; nonius stands directly opposite to a division on the arch, then will the angle 
; be 45 degrees 84 minutes. 

. The Indjex Glass is a plane speculum, or mirror of glass quick¬ 
silvered, set in a brass frame, and so placed that the face of it is perpendi- 
: cular to the plane of the instrument, and immediately over the centre of 
; motion of the index. This mirror being fixed to the index, moves along 
; with it, and has its direction changed by the motion thereof. 

, This glass is designed to reflect the image of the sun, or any other 
, object, upon either of the two horizon glasses, from whence it is reflected to 
. the eye'of the observer. The brass frame, with the glass, is fixed to the 
index by two screws at the back ; the other screw s serves to place it in a 
, perpendicular position, if by any accident it has been put out of order. 

The Horizon Glasses are two small speculums on the radius a b of 
the frame; the surface of the upper one is parallel to the index-glass when 
the 0 on the nonius is at 0 on tne arch; these mirrors receive the rays of 
the object reflected from the index-glass, and transmit them to the observer. 
The fore horizon-glass a is only silvered on its lower half, the upper half 
being transparent, in order that the direct object may be seen through it. 
The back horizon-glass h is silvered at both ends; in the middle there is 
a transparent slit, through which the horizon may be seen. Each of these 
glasses is set in a brass name, to which there is an axis; this axis passes 
through the wood work, and is fitted to a lever on the under side of the 
quadrant, by which the glass may be turned a few degrees on its axis, in 
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order la settheface of the fore horizon-glass parallel, or tbatof die back 
horiacm-glass at right angles, to the index-glass. 

To set the glasses perpendicular to the plane of the quadrant, there are 
two sunk screws, one before and one behind each glass: these screws pass 
through the plate on which the frame is fixed into another plate, so that by 
loosening one, and tightening the other of these screws, the direction of the 
frame, with its mirror, may be altered, and thus be set perpendicular to the 
plane of the instrument. 

The Dark Glasses, or Shades, are used to prevent the bright rays 
of the sun, or glare of the moon, from hurting the eye at the time of 
observation. There are generally three of them, two red, and one green. 
They are each set in a brass frame which turns on a centre, so that they 
may be used separately or together, as the brightness of the object may 
require. The green glass may be used also alone, if the sun be very faint: 
it is likewise used in taking observations of the moon. When these glasses 
are used for the fore observation, they are fixed at i, as in Figure 1, but for 
the back observation, they are removed to 0. 

The Sight Vanes are pieces of brass, standing perpendicular to the 
plane of the instrument: that one which is opposite the fore horizon,is 
called the fore sight vane , the other the back sight vane. There are two 
holes in the fore sight vane, the lower of which, and the upper edge of 
the silvered part of the fore horizon-glass, are equidistant from the plane 
of the instrument, and the other is opposite to the middle of the transparent 
part of that glass ; the back sight vane has only one hole, which is exactly 
opposite to the middle of the transparent slit in the horizon-glass to which 
it belongs. 


ADJUSTMENTS OF HADLEY’S QUADRANT. 

The several parts of the Quadrant being liable to be out of order, from a 
variety of accidental circumstances, it is necessary to examine and adjust 
them, so that the instrument may be put into a proper state previous to 
taking observations. 

An instrument properly adjusted, must have the index-glass and horizon* 

S lasses perpendicular to the plane of the Quadrant; the plane of the fore 
orizon-glass parallel, and that of the back horizon-glass perpendicular to 
the plane of tne index-glass, when the 0 on the nonius is at 0 on the arch : 
henqe the Quadrant requires five adjustments, the first three of which being 
once made, are not so liable as the last two to be out of order: however, they 
should all be occasionally examined, in case of accident. 

I. To set the Plane of the Indea-Glass perpendicular to that of 
the Instrument . 

Place the index near to the middle of the arch, and holding the Quadrant 
in a horizontal position, with the index-glass close to the eve, look obliquely 
down the glass, in such a manner that you may see the arch of the Quadrant 
by direct view, and by reflection at the same time ; if they join in one direct 
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line, sod the arch seen by reflection forms an exact plane/ or 'sirak Hm* 
with the arch seen by direct view, the glass is perpendicular to tbe plaor of 
the Quadrant; if not, it must be restored to its right position by loosening 
the two sunken screws, and tightening the screw s, or vice versd , by tight¬ 
ening the sunken screws, and releasing the screw s. 

II. To set the Fore Horizon-Glass parallel to the Index-Glass, 
the Index being at 0. 

Set the 0 on the nonius exactly against 0 on the arch, and fix it there 
by the screw at the under side. Then, holding the Quadrant vertically, 
with the arch lowermost, look through the sight-vane x, at the edge of the 
sea, or any other well-defined and distant object Now, if the horizon in 
the silvered part exactly meet, and form one continued line with that seen 
through the unsilvered part, the horizon-glass is parallel to the index-glass. 
But if the horizons do not coincide, then loosen the button-screw in the 
middle of the lever, on the under side of the Quadrant, and move the horizon- 
glass on its axis, by turning the nut at the end of the adjusting lever, till 
you have made them perfectly coincide; then fix the lever firmly in this 
situation by tightening the button-screw. This adjustment ought to be 
repeated before and after every observation. Some observers adopt the 
following method, which is called finding the index error :—Let the horizon- 
glass remain fixed, and move the index till the image and object coincide; 
then' observe whether 0 on the nonius agree with 0 on the arch; if it do 
not, the number of minutes by which they differ, is to be added to the observed 
altitude or angle, if the 0 on the nonius be to the right of the 0 on the arch; 
but if to the left of the 0 on the limb, it is to be subtracted. 

It has already been observed, that that part of the arch beyond 0, towards 
the right hand, is called the arch of excess: the nonius, when the 0 on it is 
at that part, must be read the contrary way; or, which is the same thing, 
you may read off the minutes in the usual way, and then their complement 
to 20 minutes will be the real number, to be added to the degrees and 
minutes pointed out by the 0 on the nonius. 

III. To set the Fore Horizon-Glass perpendicular to the 
Plane of the Quadrant . 

Having previously made the above adjustment, incline the Quadrant on 
one side as much as possible, provided tne horizon continues to be seen in 
bothparts of the glass. If, when the instrument is thus inclined, the edge of 
the sea, seen through the lower hole of the sight-vane, continue to form one 
unbroken line, the horizon-glass is perfectly adjusted; but if the reflected 
horizon be separated from that seen by direct vision, the speculum is not 
Perpendicular to the plane of the Quadrant: then if the limb of the Quadrant 
be inclined towards the horizon, with the face of the instrument upwards, 
and the reflected sea appear higher than the real sea, you must slacken the 
screw before the horizon-glass, and tighten that which is behind it; but if 
the reflected sea appear lower, the contrary must be performed. Care must 
be always taken in this adjustment, to loosen one screw before the other is 

a a 
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screwed up, and to leave the adjusting screws tight, or so as to draw with 
a moderate force against each other. 

This adjustment may be also made by the sun, moon, or a star: in this 
case the Quadrant is to be held in a vertical position; if the image seen by 
reflection, appear to the right or left of the object seen directly, then the 
glass must be adjusted, as before, by the two screws. This will be further 
explained in the use of the Sextant. 

Some Quadrants have a vertical screw at the back of the instrument, by 
which the adjustment is made. 

It will be necessary, after having made this adjustment, to examine if the 
horizon-glass still continue to be parallel to the index-glass; as sometimes, 
by turning the sunken screws, the plane of the horizon-glass will have its 
position altered. 

IV. To set the Back Horizon-Glass perpendicular to the Plane of 
the Indew-Glass , 0 on the Nonius being at 0 on the Arch. 

Let the 0 on the nonius be put as much to the right of 0 on the arch as 
twice the dip (taken from Table V.) amounts to: hold the Quadrant in a 
vertical position, and apply the eye to the back sight-vane l ; then if the 
reflected horizon, which will appear inverted, or upside down, coincide with 
that seen direct, the glass is adjusted; otherwise tne screw in the middle of 
the lever, on the under side of the Quadrant, must be slackened, and the 
nut at its extremity turned till both horizons coincide. 

V. To set the Back Horizon-Glass perpendicular to the 
Plane of the Quadrant 

This adjustment is performed by holding the Quadrant nearly parallel 
to the horizon, and directing the sight through the back sight-vane; then, 
if the true and reflected horizons appear in tne same strait line, the glass is 
perpendicular to the plane of the instrument; but if they do not coincide, 
turn the sunken screws in the pedestal of the glass, till both appear to form 
one strait line. 


USE OF HADLEY’S QUADRANT. 

The use of the Quadrant is to ascertain the angle subtended by two 
distant objects at the eye of the observer; but principally to observe the 
altitude of a celestial object above the horizon: this is pointed out by the 
index, when one of the objects seen by reflection, is made to coincide with the 
other, seen through the transparent part of the horizon-glass. 

There are two different methods or observing altitudes with a Quadrant : 
one is when the observer’s face is directed towards the celestial body, and it 
is brought down by reflection to that part of the horizon immediately under 
it; the altitude is in this case said to be taken by a fore observation: the 
other method is when the observer’s back is towards the object, and it is 
brought over to the opposite part of the horizon, and is thence called a bade 
observation . This latter method of observing is very seldom used, and is 
requisite only when the horizon under the object is broken by adjacent shores, 
or rendered indistinct by fogs, or any other impediments. 
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To take an Attitude of the Sun , Moon, or a Star, by a 
Fore Observation . 

Having previously adjusted the instrument, place the 0 on the nonius 
opposite to 0 on the arch, and turn down one or more of the screens, accord¬ 
ing to the brightness of die sun; then apply the eye to the upper hole in the 
fore sight-vane, if the sun’s image be very bright, otherwise to the lower, and 
holding the Quadrant vertically, look directly towards the sun, so as to let it 
be behind the silvered part of the horizon-glass, then the coloured sun’s image 
will appear on the speculum. Move the index forwards till the sun’s image, 
which will appear to descend, just touch the horizon with its lower or upper 
limb. If the upper hole be looked through, the sun’s image must be made to 
appear in the middle of the transparent part of the horizon-glass; but if the 
lower hole, hold the Quadrant so that the sun’s image may be bisected by the 
line joining the silvered and transparent parts of the horizon-glass. 

The sun’s limb ought to touch that part of the horizon immediately under 
the sun; but as this point cannot be exacdy ascertained, it will therefore be 
necessary for the observer to give the Quadrant a slow motion from side to 
side, turning at the same time upon his heel, by which motion the sun will 
appear to sweep the horizon, and must be made just to touch it at the lowest 
pan of the arch: the degrees and minutes then pointed out by the index on 
the limb of the Quadrant, will be the observed altitude of that limb which is 
brought in contact with the horizon. 

In this manner the altitude of the moon, or a star, may be taken by a fore 
observation, remembering that when the moon is the object, her enlightened 
side is to be brought to the horizon, whether it be the upper or lower limb. 

When the meridian, or greatest altitude, is required, the observation should 
be commenced a short time before the object comes to the meridian. Being 
brought down to the horizon, it will appear for a few minutes to rise slowly, 
when it is again to be made to coincide with the horizon, by moving the index 
forward: this must be repeated until the object begin to descend, when the 
index is to be secured, and the observation to be read off. 

Note. For the methods of finding the time of the moon’s, or a star’s, pass¬ 
ing the meridian, see the Explanation to Tables XVI, XLIII, and XLIV. 

To take an Altitude of the Sun , Moon , or a Star , by a 
Back Observation . 

Place the dark glasses in the hole near the back horizon-glass, and turn 
one or more of them down, according to the brightness of the sun; then, 
looking through the back right-vane towards that part of the horizon opposite 
the sun, the Quadrant being held vertically, move the index till the sun’s 
image be seen on the silvered part of the glass, and giving the Quadrant a 
slow vibratory motion, the sun will appear to describe an arch with its convex 
ride upwards. Bring one of the limbs in contact with that part of the horizon 
seen through the transparent slit when it is in the upper part of this arch, 
and the degrees and minutes pointed out by the index, will be the altitude of 
the other limb; for in the back observation die image of the object is inverted. 
In the same manner, the altitude of the moon, or a star, may be taken, ob¬ 
serving to bring the enlightened limb of the moon in contact with the horizon 


r 
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ON FINDING THE 

LATITUDE BY OBSERVATION. 

THE latitude of a place is its distance from the equator, either north or 
south, and is measured by an arch of a meridian contained between the 
zenith and the equinoctial: hence, if the distance of any heavenly body from 
the zenith when on the meridian, and its declination, or number of degrees 
and minutes it is to the northward or southward of the equinoctial, be given, 
the latitude may thence be found. 

The meridian zenith distance of an object is found either from its altitude 
taken when on the meridian, or from one or two altitudes observed when 
out of the meridian. 

Altitudes of the sun or moon taken at sea require four corrections, in 
order to obtain the true altitude of their centre: these are for semidiameter, 
dip, refraction, and parallax*. When the altitude of a star is observed, 
the corrections for dip and refraction only are to be applied. The parallax 
of the sun or a planet being but a few seconds, is seldom noticed in finding 
the latitude at sea. 

To find the Latitude of a Place by the Meridian Altitude of the Sun* 

Rule. From the observed altitude of the sun’s limb (corrected for 
index error, if any), subtract the dip answering to the height of the eye 
above the horizon (found in Table V.), when the altitude is taken by a fore 
observation, or add it in a back observation, and the result will be the 
apparent altitude of the observed limb; from which subtract the refraction 
corresponding to that altitude (taken from Table IV.), and the remainder 
will be the true altitude of the observed limb. 

When the sun’s lower limb is observed, add the sun’s semidiameter 
(16 minutes), but if the upper limb be observed, subtract it; and the sum, 
or remainder, will be the true altitude of the sun’s centref: or, when the 
altitude of the sun’s lower limb is observed by a fore observation, the 
correction for the joint effect of the semidiameter, dip, refraction, and 
parallax, may be taken at once from Table IX. 

Subtract the true altitude of the sun’s centre from 90°, and the remain¬ 
der will be the sun’s true meridian zenith distance, which is to be called 
north or south, according as the observer, or his zenith, is north or south 
of the sun at the time of emservation. 

Take the sun’s declination from Table X., and reduce it to the meridian 
of the ship (when the longitude is considerable) by Table XI., noting 
whether it be north or south: then if the zenith distance, and declina¬ 
tion, be both north, or both south, add them together; but if one be north, 
and the other south, subtract the less from the greater, and the sum, or 
difference, will be the latitude, of the same name with the greater. 


* For an explanation of these corrections, see page 149, Ac. 

t Many seamen add 11 or 12 minutes to the observed altitude of the lower limb (being ths 
difference between the semidiameter and the dip), and omit the correction for refraction alto¬ 
gether ; but this neglect will frequently produce an error of several miles in the latitude* 
especially when the meridian altitude is small. 
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Note. If it be required to work the observation to seconds, the sun's 
semidiameter is to be taken from Page II. of the month in the Nautical 
Almanac; the declination for apparent noon at Greenwich, from Page I. of 
the same; and the latter reduced to noon at the meridian of the snip by 
Table XXTf\ Take also the sun's correction in altitude, which is the 
difference of his refraction andparallax, from Table XVIII., instead of the 
refraction only, as shewn in Table IV. When the horizon under the sun 
is obstructed by land, the dip is to be taken from Table VIII. 

EXAMPLE I. EXAMPLE II. 


June 18, 1835, the meridian altitude of 
the inn’s lower limb was 43° 18', the observer 
bong North of the sun, and his eye elevated 
IS feet above the surface of the sea: required 
the latitude of the place of observation, to 


the nearest minute. 

o t 

Obs. alt. of sun’s lower limb . 43 18 

Dip of the horizon (Table Y.) ... — 4 


App. alt. sun’s lower limb .. 43 14 

Refraction (Table IV.) . - 1 

True alt. sun’s lower limb . 43 13 

Sun’s semidiameter ..... -f 16 

True alt. sun’s centre. 43 29 

90 

Sun’s true zenith distance . 46 31N. 

Sun’s declination (Table X.) . 23 25 N. 

Latitude. 69 56N. 


September 21, 1837, in longitude 60° E., 
the meridian altitude of the sun’s lower 
limb was 56° 26', the observer being South of 
the sun, and the height of his eye 26 feet: 
required the latitude to the nearest minute. 

or 


Obs. alt. sun’s lower limb .. 56 26 

Dip of the horizon (Table V.) ... — 5 


App. alt. sun’s lower limb... 

Refraction (Table IV.) . 

56 

21 

— 

I 

True alt. sun’s lower limb... 

56 

20 

Sun’s semidiameter... 

+ 

16 

True alt sun’s centre . 

56~ 

"36 


90 


Sun’s true zenith distance.. 

33~ 

~24 S. 

Sun’s dedination (Tab. X.) 0°42 f 

\o 

46 N. 

Corr. for long. (Table XI.) -}- 4 

r 

Latitude .. 

32 

~38 S. 


EXAMPLE III. 


EXAMPLE IV. 


January 9, 1836, in longitude 116° W.< the 
meridian altitude of the sun’s upper limb 
was 69° 14' South, the observer being about 
3 miles from the land, under the sun, and 
his eye elevated.22 feet: required the latitude 


to the nearest minute. o / 

Obs. alt. sun’s upper limb .. 69 14 

Dip of the horizon (Table VIII.).. — 5 

App. alt. sun’s upper limb ......... 69 9 

Refraction.... — 0 


True alt sun’s upper limb .. 69 9 

Sun’s semidiameter .. — 16 

True alt. sun’s centre .. 68 53 S. 

90 


8un’s true zenith distance . 21 

Sun’s dedin. (Tab. X.)... 22° 12*) ** 
Corr. for long. (Table XI.) - 3 / ” 


7N. 

98. 


Latitude. 


1 28 . 


December 25, 1840, in longitude 35° W., 
the meridian altitude of the sun’s lower limb, 
by a back observation, was 16° South, the 
height of the eye being 20 feet: required the 
latitude to the nearest minute. 

o t 


Obs. alt sun’s lower limb. 

16 

28 

Dip of the horizon. 

+ 

4 

App. alt. sun’s lower limb.. 

Refraction . 

IT 

"32 

— 

3 

True alt sun’s lower limb. 

16 

29 

Sun’s semidiameter ... 

+ 

16 

True alt sun’s centre .. 

I6~ 

~45S. 


90 


Sim’s true zenith distance. 

W 

lb N. 

Sun’s dedin. (Tab. X.)...23°24'l 

[ AO 

24 S. 

Corr. for long. (Tab. XI.) — 0 j 

r 23 

Latitude .. 

49 

~51 N. 


t Or more correctly by Table XXXIII.—See the Explanation to that Table. 
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EXAMPLE V. 


May 29, 1835, in longitude 30° W., the 
meridian altitude of the sun's lower limb 
was observed to be 65° 42* 30", the zenith 



Sun’s dedin. by Naut. Aim. 21 33 22N. 

Corr.for long.30 0 W. (Tab.XXI.) -f 0 49 


Sun’s reduced declination . 21 34 UN. 

© / n 

Obs. alt. sun’s lower limb. 65 42 30 

Dip of the horizon . — 4 42 


EXAMPLE VI. 

November 21, 1835, in longitude 165° E., 
the meridian altitude of the sun’s lower limb 
was observed to be 47° 36' 45" S., the height 
of the eye being 18 feet: required the lati¬ 
tude. 

o J * 

Sun’s dedin. by Naut. Aim.... 19*50 348. 
Corr.forlong.l 65°E.(Tab.XXI.) - 5 52 


Sun’s reduced dedination. 19 44 428. 

orit 

Obs. alt. sun’s lower limb. 47 36 45 S. 

Dip of the horizon.. — 4 4 


App. alt. sun’s lower limb . 65 37 48 App. alt. sun’s lower limb. 47 32 41 

Refraction. - 0 25 Refr—parallax (Tab. XVIII.) - 0 46 


True alt. sun’s lower limb . 65 37 23 True alt. sun’s lower limb. 47 31 55 

Sun’s semidiameter by N. Aim. + 15 48 Sun’s semidiameter by N. Aim. -)- 16 13 


True alt. sun’s centre ... 65 53 11 

90 

Sun’s true zenith distance . 24 6 49N. 

Sun’s reduced declination . 21 34 11N. 

Latitude. 45 41 ON. 


True alt. sun’s centre.... 47 48 8 

90 

Sun’s true zenith distance. 42 11 52 N. 

Sun’s reduced declination. 19 44 42 S. 

Latitude . 22 27 10 N. 


EXAMPLE VII. 

August 22, 1835, in longitude 8° West, 
the meridian altitude of the sun’s lower limb 
was 77° 49* 30", die observer being South of 
the sun, the height of his eye 30 feet, and 
the index error V 30" to be added*: required 


the latitude. 

o t tt 

Sun’s dedin. by Naut. Aim. 11 57 47 N. 

Corr.for long. 8° W. (Tab. XXI.) — 0 27 


Sun’s reduced declination . 11 57 20N. 

o t tt 

Obs. alt. sun’s lower limb . 77 49 30 

Index error to be added . ■+• 1 30 


Corr. obs. alt. sun’s lower limb.. 77 51 0 
Corr. from Table IX. 10^.2= + 10 12 


True alt. sun’s centre. 78 1 12 

90 

Run’s zenith distance . 11 58 48 S. 

Sun’s reduced dedination. 11 57 20N. 


Latitude. 0 1 28 S. 


EXAMPLE VIII. 

October 12, 1835, in longitude 30° 
the meridian altitude of the sun’s lower limb 
was 89° 54' 30" from the South point of the 
horizon, the height of the eye being 12 feet, 
and the index error 2' 0" to be subtracted*: 


required the latitude. 

o rn 

Sun’s dedin. by Naut. Aim.... 7 13 56 S. 
Corr.forlong.30°E.(Tab.XXI.) - 1 52 


Sun’s reduced declination ...... 7 12 4 8. 

o r •* 

Obs. alt sun’s lower limb. 89 54 30 S. 

Index error to be subtracted... — 2 0 


Corr. obs. alt sun’s lower limb 89 52 30 
Corr. from Table IX. 12 / . 7 = + 12 42 


90 5 12 
90 


Zenith distance . 0 5 12 S. 

Sun’s reduced dedination. 7 12 4 & 

Latitude ... 7 17 16 S. 


• When the horizon-glass of the Instrument has not been adjusted so as to be parallel to 
the index-glass when 0 in the nonius is at 0 in the arch, the observed altitude is in all cases 
to be corrected for the Index Error ,—See Description and Use of the Quadrant or Sextant. 
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EXAMPLES FOR EXERCISE. 

1. August SO, 1835, in longitude 130° W., the meridian altitude of 
the sun's lower limb was 5T* 18' 30", the observer being North of the sun, 
and the height of his eye 18 feet: required the latitude. 

Answer. 41° 33' 44" North. 

2. December 3, 1835, in longitude 62° E., the meridian altitude of the 
sun's lower limb was 64° 45' 15" North of the observer, the height of his 
eye being 20 feet: required the latitude. 

Answer. 47° 5' 38" South. 

3. January 15, 1835, in longitude 149° 30" E., the meridian altitude of 
the sun's upper limb was 33° li' 45", the observer being North of the sun, 
the height of his eye 14 feet, and the error of the instrument 9f 80" to add: 
required the latitude. 

Answer. 35° 47' 28" North. 

4. March 21, 1835, in longitude 98° E., the meridian altitude of the 
sun’s lower limb was 89° 42' 40' South of the observer, the height of his 
eye bring 12 feet, and the index error 2' 20" to add: required the latitude. 

Answer. On the equator. 

5. September 23, 1835, in longitude 104° W., the meridian altitude of 
the sun's lower limb was 74° 48', the zenith being South of the sun, the 
height of the eye 24 feet, and the instrument adjusted: required the lati¬ 
tude to the nearest minute. 

Answer. 15° V South. 

6. March 10, 1835, in longitude 26°30 / E., the meridian altitude of the 
sun's lower limb was 14P 24 / S., the height of the eye being 25 feet, the 
distance of the land under the sun 3 miles, and the Quadrant adjusted: 
required the latitude to the nearest minute. 

Answer. 71° 12 / North. 

To find the Latitude by the Meridian Altitude of a Star.* 

Rule. Take out the star's declination from Table XIII., and reduce 
it to the time of observation. From the observed altitude of the star sub¬ 
tract the dip and refraction, taken from Tables V. and IV., or subtract the 
correction taken from Table XV., and the remainder will be the star's true 
altitude, which subtracted from 90°, will give the zenith distance : to be 
called North or South, according as the observer is north or south of the 
star at the time of observation. 

Then, if the zenith distance and declination be both north, or both 
south, add them together ; but if one be north, and the other south, sub¬ 
tract the less from the greater, and the sum, or difference, will be the 
latitude, of the same name with the greater. 


* For the method of finding the time of a star's passing the meridian, see the Explanation 
to Table XLIII. also the Explanation to Table XLIV n where directions are given for finding 
what star is on or near the meridian, and for observing its altitude. 
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EXAMPLE l. 

January 24, 1886, about 8 o'clock in the 
evening, tne meridian altitude of the star 
Aldebaran was 62° 36% the observer being 
North of the star, and the height of his eye 
20 feet t required the latitude. 


o t it 

Dedin. of Aldebaran, 1834. 16 10 9N. 

Ann. rar. + 7". 96 x 2 = + 0 16 


Dec. of Aldebaran, Jan. 1836... 16 10 25N. 

o t 

Obs. alt. of Aldebaran.. 52 36 

Dip of horizon . — 4 

A pp .^alu of Aldebaran............ 52 32 

True alt. of Aldebaran............ 52 31 

90 

8tar’s zenith distance .. 87 29 N. 

Star's declination, Jan. 1836 ... 16 10 N. 

Latitude..... 53 39 N. 


EXAMPLE II. 

July 16, 1845, about 3 o'clock in the 
morning, the meridian altitude of the star 
Fomalhaut was 73° 36' South of the observer, 
the height of his eye being 24 feet: required 


the latitude 

o # n 

Dedin. of Fomalhaut, 1834 ... 30 29 58 S. 
Ann. rar.-19". 09 x 1U = - 3 40 

Dec. of Fomalhaut, July 1845, 30 26 18 S. 

O t II 

Obs. alt. of Fomalhaut . 73 86 OS. 

Corr. Table XV. - 4^.9 = - 4 54 

True alt. of Fomalhaut.. 73 31 6 

90 

Star's zenith distance. 16 28 54 N. 

Star's declination, July 1845... 30 26 18 S. 

Latitude ..... 13 57 24 S. 


EXAMPLES FOR EXERCISE. 

1. April 6, 1885, at about 9h. P. M., the meridian altitude of the Star 
Regulus was 50° 14' South of the observer, the height of his eye being 
18 feet: required the latitude. 

Answer. 52° 87' North. 

2. December 16, 1840, at about lh. A. M., the meridian altitude of 
the Star Sirius was 86° 28' 80", the observer being North of the star, and 
the height of his eye 14 feet: required the latitude. 

Answer. 87° 6' 14" North. 

3. March 25, 1845, at about 4h. 15m. A. M., the meridian altitude of 
the Star Antares was 71° 19' 45" N., the height of the eye being 22 feet, 
and the index error of the instrument + 2' 10": required the latitude. 

Answer. 4AP 47' 48" South. 

To find the Latitude by the Meridian Attitude of a Planet . 

Rule. From the observed altitude of the planet subtract the dip and 
refraction, and to the remainder add the parallax in altitude: the result 
will be the true altitude of the planet; which, subtracted from 90°, will give 
the zenith distance, as before, and under this set the declination, reduced to 
Greenwich mean time*; then the sum, or difference of the zenith distance 
and declination, according as they are of the same, or contrary names, will 
give the latitude, of the same name with the greater. 

* The Rule for reducing the time at the place of observation, to the corresponding time 
at Greenwich, is given in Page 155. 
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Note. The time of the meridian passage, together with the declination 
snd other elements of the planets, are given fdr Greenwich mean time, in 
the Nautical Almanac for 1835, from Pages 267 to 358. The declination 
is to be reduced to the time of observation at the meridian of Greenwich, 
by proportion, or by Table XXXIII., as shewn in the Explanation of 
that Table. 

The horizontal parallax of the planets for Greenwich mean noon, are 
contained in the Nautical Almanac for 1835, from Pages 359 to 361, from 
which the parallax in altitude is to be found by Table AXVIII. 

EXAMPLE I. 

January 3,1835, in longitude 15° W., the meridian altitude of the planet 
Mars was 57° 42' 30", die observer being north of the planet, and the height 
of his eye 17 feet: required the latitude. 

In Page 291 of the Nautical Almanac, the mean time of the planet's 
meridian passage is llh. 58m. ;* and in Page 360, his horizontal parallax 
is nearly 14". 

h. m. 

Mean time at ship ... 11 58 

Long, in time (Tab.XIX.) 1 0 W. 


Mean time at Greenwich... 12 58 

O I It 

DecLof Mars, Jan. 3, 26 49 28 N. 
Ditto, Jan. 4, 26 52 32 N. 


Var. in 24 hours. 3 4 Log. .8935 

Greenwich mean time 12h. 58m. Log. .2674 

o t ii 

Var.inl2h.58m.+ 139 Log. 1.1609 

<• w n - 


WtW m «„ G Zr iC H*6 51 7N. 

mean time. ) _ 


O IH 

Observed mer. alt. of Mars ... 57 42 30 
Dip of the horizon.. — 3 57 


Apparent mer. alt. of Mars ... 57 38 33 
Refaction . — 0 36 


57 37 57 

Par. in altitude (Tab. XLVIII) + 8 


True mer. alt. of Mars. 57 38 5 

90 

True zenith distance.. 32 21 55 N. 

Declination at Greenwich time 26 51 7 N. 

Latitude .. 59 13 2 N. 


EXAMPLE II. 

December 12,1835, in longitude 5CP E., the meridian altitude of Jupiter 
was 37° 15 / 45", the observer being south of die planet, and the height of 
his eye 20 feet: required the latitude. 

In Page SS4 of the Nautical Almanac the mean time of Jupiter's passage 
over the meridian of Greenwich, on the given day, is found to be 13h. 34m.; 
and in Page 360, his horizontal parallax is 2". 


• The time of the planet’s meridian passage, in the Nautical Almanac, being given to 
the tneridian of Greenwich, it ought in strictness to be reduced to the time of its passage 
over the meridian of the place of observation; but it will be sufficiently exact, in the present 
case, to take the time for the given day, as predicted in the Almanac. 

B B 
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h. m. o # n 

Mean time at ship . 13 34 Obs. mer. alt. of Jupiter .37 15 45 

Long.in time (XIX) ... 3 ROE. Dip of the horizon. — 4 17 

Mean time at Greenwich 10 14 Apn. mer. alt. of Jupiter .37 11 28 

o i n Refraction . — 1 15 

Dec.ofJup.Dec.12... 22 47 6 N. - 

Ditto Dec. 13... 22 47 56 N. « „ . , 37 10 13 

- Parallax in alt. (XLVIII.) ... + 1 

Yar. in 24 hours. 0 50 Log.1.4694 _ , --“ 

Greenwich mean time lOh. 14m. Log. .3702 True mer. alt. of Jupiter.87 10 14 

° t it " ^ 

Ti^i^T* 1 ^ 111 .4 + 0 21 Lo S- 1 - 8296 True zenith distance. 52 49 46 S. 

noon, DeoTs. J ** ^ ® Dedin. at Greenwich time ... 22 47 27 N. 

Ditto, at Greenwich j^47^7N. Latitude . 30 2 19 & 


EXAMPLES FOR EXERCISE. - 

1. February 22, 1835, in longitude 76° W., the meridian altitude of the 
Planet Jupiter was 80° 15' SO" S., the height of the observer s eye bong 
18 feet, and the index error of the instrument — 1' 25": required the 
latitude. 

Answer. SOP 2' 47" North. 

2. May 20, 1835, in longitude S4P80" E., the meridian altitude of the 
Planet Saturn was 64° 49 / SO", the zenith being south of the planet, the 
height of the observer’s eye 18 feet, and the error of the instrument 
+ S' 10" : required the latitude. 

Answer. 29° 26' 5" South. 

To find the Latitude by the meridian Altitude of the Moon. 

Rule 1. In Page IV. of the month in the Nautical Almanac, find the 
mean time of the moon’s passing the meridian of Greenwich on the given 
day, which reduce to the time of her passing the meridian of the ship by 
Table XVI. 

2. With the above time, and the ship’s longitude, find the corresponding 
Greenwich mean time, as directed in Page 155. 

3. From Page III. of the month in the Nautical Almanac, take out 
the moon’s semidiameter and horizontal parallax, and reduce them to the 
mean time at Greenwich ;* and to the semidiameter add the moon’s aug¬ 
mentation, taken from Table VII. 

* The moon’s horizontal parallax and semidiameter are reduced to the time at Greenwich 
thus: Take them out for the nearest noon or midnight before and after the Greenwich time, 
and find their difference; then say, for each, as 12 hours is to the difference in 12 hours, so 
is the Greenwich time since the preceding noon or midnight, to a proportional part; which 
being added to, or subtracted from, the horizontal parallax and semidiameter, at the preceding 
noon or midnight, according as they are increasing or decreasing, will give them reduced 
to the time of observation ; or the proportional parts may be taken out by inspection from 
Table LIV. But, in general, it wiU be sufficiently exact to take them out for the nearest 
noon or midnight, without applying the proportional parts. 
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4. From the observed altitude (corrected for index error, if any) sub¬ 
tract the dip of the horizon (Table V.), and to the remainder add the moon's 
augmented semidiameter, when the lower limb is observed; or subtract it, 
if me upper limb be taken; the result will be the apparent altitude of the 
moon's centre. 

5. From Table XXX. take out the correction answering to the moon's 
apparent altitude and horizontal parallax, and add it to the apparent altitude; 
the sum will be the true altitude of the moon's centre, which, subtracted 
from 90 degrees, will give the zenith distance, to be called North or South, 
according as the observer is north or south of the moon: under this set the 
moon's declination, taken from Pages V. to XII. of the month in the Nau¬ 
tical Almanac, for the given day and hour at Greenwich, and reduced to 
the mean time at Greenwich by Table XL VII.*f* Now the sum, or difference, 
of the zenith distance and declination, according as they are of the same or 
contrary names, will give the latitude of the place of observation, of the 
same name with the greater. 


EXAMPLE I. 

May 7, 1835, in longitude 8 4P E., the meridian altitude of the moon's 
lower limb was 67° 35 / 30", the observer being south of the moon, and the 
height of his eye 21 feet: required the latitude. 


h. m. 

Moon’s mer. passage at Greenwich... 7 55 


Corr. for long. 84° E. (Table XVI.) - 12 

Moon’s mer. passage at ship . 7 43 

Longitude in time (Table XIX.) ... 5 36 E. 

Mean time at Greenwich. 2 7 

O * ft 

>’s dec. May 7,at 2 hrs. 13 56 45 N. 

Ditto at 3 hrs. 13 43 51 N. 

Variation in 1 hour ... 12 54 Log. .6676 

Greenw. time aft. 2 hrs. 7m.Os. Log. 0331 

Var. in 7 minutes. — 1 30 Log. 1.6007 

)*sdecl.May7,at2hrs. 13 56 45 N. 

Dfco* Greenwich) , 3 M 15N 
mean time.j _ 


In Page III. of May in the Naut. Almanac, 
the Moon’s semidiam. at noon 7th, is 15'54", 
and the horizontal parallax 58' 22". 

o t If 

Obs alt. moon’s lower limb ... 67 35 30 
Dip of the horizon. — 4 23 


App. alt. moon’s lower limb ... 67 31 7 

Moon’s semidiameter, IS' 54" I . lfl Q 
Augment. (Tab. VIL) + 15 f + 10 y 


App. alt. moon’s centre. 67 47 16 

Correction (Table XXX.).. -f 21 41 

True alt. moon’s centre. 68 8 57 

90 

True zenith distance. 21 51 3 8. 

Moon’s declin. at Greenw. time 13 55 15 N. 

Latitude ..... 7 55 48 S. 


EXAMPLE II. 

November 27, 1835, in longitude 22° SO 7 W., the meridian altitude of 
the moon's lower limb was 72° 12'20", the zenith being north of the moon, 
the height of the observer's eye 20 feet, and the error of the instrument 
— 2' 10": required the latitude. 


f See the explanation of this Table, with Examples. 

B b 2 
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h« ID. 

Moon's mer. passage at Greenwich. 6 39 
Corr. for long. 22°30' W. (Tab. XVL) + 2 

Moon’s mer. passage at ship.. 6 41 

Longitude in time (Table XIX.)... I SOW. 

Mean time at Greenwich .. 8 11 

o / u 

}'s dec. Nov. 27, at 8 hrs. 11 26 5 S. 

Ditto, at9hrs. 11 13 OS. 

Variation in 1 hour ... 13 5 Log. 6614 

Green, time after 8 hrs. 11m.Os. Log.7368 

Var. in 11 minutes ... — 2 24 Log.1.3982 

»» »«• 


In Page IIL of November in the Nanticsl 
Almanac, the Moon's semidiam. on the 27th, 
at 8h. 11m. Greenwich time, is 15* 22", and 
horizontal parallax 56' 23". 

Oill 

Obs. alt. moon's lower limb ... 72 12 20 


Index error... — 2 10 

72 10 10 

Dip of the horizon. — 4 17 


App. alt. moon's lower limb... 72 5 63 
Moon's semidiam... 15' 22") , # - 

Augmen.(Tab.Vn.) + 15 J + * 7 


App. alt. of moon's centre. 72 21 30 

Correction (Table XXX). 4- 16 48 

True alt. of moon's centre. 72 38 18 

90 

True zenith distance.. 17 21 42 N. 

Moon's declination . 11 23 41 S. 

Latitude.... 5 58 IN. 


EXAMPLE III. 

July 15, 1835, in longitude 92? SO' W., the meridian altitude of the 
moon’s upper limb was 55° 47' 45" N., the height of the observer’s eye 
being 18 teet, and the index error + 1/80": required the latitude. 



h. 

m. 

Moon's mer. passage at Greenwich 

16 

58 

Cor. for long. 92°30' W. (Tab.XVI) 

+ 

10 

Moon’s mer. passage at ship . 

17 

~ 

Longitude in time (Tab. XIX) M .. 

6 

low. 

M ©an time at Greenwich. 

23 

18 


o t n 

J*s dec.Julyl5,at23hrs. 0 7 38 S. 
Ditto, July 16, at 0 hr. 0 5 42 N. 


Variation in 1 hour ... 0 13 20 Log. 6532 
Greenw. time after 23 hrs. 18m.Os. Log. 5229 

Var. in 18 minutes ... — 4 0 Log.1.1761 

Moon's dec. July 15,1 A » « 

at 23 hours./ 0 7 38 * 

Ditto, at Greenwich) A 9 oll 
mean time ..j 0 3 38 


In Page IIL of July in the Nautical Al¬ 
manac, the moon's semidiameter at noon the 
16th, is 15' 0", and horizontal parallax 65' 4*. 

o t it 

Obs. alt. moon’s upper limb.... 55 47 45 N. 


Index error... + 1 30 

55 49 15 

Dip of the horizon... — 4 4 


App. alt. moon's upper limb.... 55 45 11 

t a 

Moon's semidiameter 15 0) «• 

Augmen. (Tab. VIL) +13/ “ 16 19 


App. alt. of moon's centre.. 55 29 58 

Correction (Table XXX.). + 30 32 

True alt. of moon's centre. 56 0 30 

90 

True zenith distance. 33 59 30 & 


Moon's dedin. at Greenw. time 0 3 28 8. 


Latitude 


34 9 58S. 
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EXAMPLES FOR EXERCISE. 

1. October 12, 1885, in longitude 172? W., the meridian altitude of the 
moon’s upper limb was 85° 18' 40" north of die zenith, the height of the 
observer's eye being 17 feet, and the error of the instrument + V 40": 
required the latitude* 

Answer. 27° 56' 58" South. 

2. January 6, 1835, in longitude 87° E., the meridian altitude of the 
moon’s lower limb was 73° 45' 50 // south of the observer, the height of his 
eye being 20 feet, and the index error — 4' 10": required the latitude. 

Answer. 15° 52' 59" North. 

To find the Latitude by a meridian Altitude below the Pole . 

When the complement of the declination of an object is less than the 
latitude of a place, and they are both of the same name, the object comes 
, to the opposite meridian without setting at that place, and in this case is 
said to he on the meridian below the Pole; if the altitude be then taken, 
the latitude may thence be found as follows : 

Rule. Correct the declination and observed altitude, as before; then 
to the true altitude add the complement of the declination, (found by sub- 
* tracting the declination from 90°): the sum will be the latitude, of the 
same name with the declination. 


* 


EXAMPLE I. 

Jane 29, 1835, in longitude 18° E, the me¬ 
ridian altitude of the sun’s lower limb, at mid¬ 
night, was 6°3^15", theheightof the observer's 
eye being 20 feet: required the latitude. 


h. m. 

App. time at ship . 12 0 

Longitude in time (Table XIX) ... 48 E. 

App. time at Greenwich . 11 12 

O I If 

Sun's declin. June 29, at noon,) M 

(Page L Naut. Aim.)..f 83 16 43 N * 

Corr. forllh. 12m. (Tab. XXI.) - 134 

Sun's declin. at Greenwich time 23 15 9 N. 

90 

Sun's Co. declination . 66 44 51 N. 

o tv 

Obs. alt. sun’s lower limb. 6 30 15 

Dip of the horizon .. — 4 17 

App. alt. sun’s lower limb. 6 25 58 

Refr. parallax (Tab. XVIII.)... - 7 47 

True alt. sun's lower limb. 6 18 11 

Sun's semidiameter . 15 45 

True alt. sun’s centre.. 6 33 56 

Sun’s Co. declination . 66 44 51 N. 

Latitude. 73 18 47 N. 


EXAMPLE II. 

July 26, 1845, the altitude of the star 
Dubhe in Ursa Major, when on the meridian 
below the Pole, was 21° 14' 0", the height of 
the observer's eye being 16 feet, and the index 
error + 1' 30" s required the latitude. 

By Table XLIV. the time of Dubhe's pass¬ 
ing the meridian above the Pole is 2h. 31m. 
P. M.; therefore 12h. after that time, or 
about 2h. 31m. A. M., it will be on the 


meridian below the Pole. 

o / n 

Declin. of Dubhe, 1834 . 62 38 45 N. 

Ann. var. — 19".22 x Ilf = — 3 41 


Dedin. of Dubhe, July 1845... 62 35 4 N. 


Star’s Co. declination. 27 24 56 N. 

o t U 

Obs. alt. of Dubhe. 21 14 0 

Index error.. -f- 1 30 

21 15 30 

Dip of the horizon.. — 3 50 


App. alt. of Dubhe.. 21 11 40 

Refraction ... - 2 26 

True alt. of Dubhe... 21 9 14 

Star's Co. declination. 27 24 56 N. 


Latitude . 48 34 ION. 
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ON FINDING THE LATITUDE BY THE POLAK StAB. 


EXAMPLES FOR EXERCISE. 

1. July 13, 1835, in longitude 76°80'W., the altitude of the sun's 
lower limb, when on the meridian below the Pole, was 8° 26' SO" S, the 
height of the observer's eye being 10 feet, and the index error + S' IS": 
required the latitude. 

Answer. 76° 47' 11" North. 

2. August 9, 1839) at about 3h. A. M., the star a in Crux being on 
the meridian below the Pole, its altitude was observed to be 17° 3 2f 30", 
the height of the observer's eye being 18 feet, and the index error — S'25": 
required the latitude. 

Answer. 45° W 24" South. 


To find the Latitude by an Altitude of the Polar Star . 

Rule. To the Sun's right ascension, taken from Table XIV., add the 
time since noon when the altitude was observed: their sum (rejecting 24 
hours, if it exceed that quantity) will be the right ascension of the meri¬ 
dian, with which enter Table XVII., and add the corresponding correction 
to, or subtract it from, the star's true altitude, as directed in the Table: 
the sum, or remainder, will be the approximate Latitude, to which add the 
correction, taken from Table XVII.* and the sum will be the Latitude, 
always North.f 


EXAMPLE I. 

May 21, 1835, the altitude of the Polar 
Star was observed to be 50° 18', at lOh. 15m. 
past noon, the height of the observer's eye 
being 20 feet: required the latitude. 


h. m. 

Sun's right ascension. May 21st ... 3 51 
Time of observation . 10 15 

Right ascension of meridian ......... 14 6 

o * If 

Obs. alt. of the Polar Star. 50 18 0 

Dip of the horizon .. — 4 17 

App. alt. of the Polar Star. 50 13 43 

Refraction .... — 0 48 

True alt. of the Polar Star...... 50 12 55 

Correction (Table XVII.) ... + 1 30 0 

Approximate latitude .. 51 42 55 

Coit. (Tab. XVII.*) ... O'. 2 = + 0 12 

Latitude. 51 43 7 N. 


EXAMPLE II. 

January 16, 1840, at 9h. 30m. past noon, 
the altitude of the Polar Star was 67° 36\ 
the height of the observer's eye being 30 feet: 
required the latitude. 

h. m. 

Sun's right ascension, Jan. 16th... 19 51 


Time of observation. 9 30 

29 21 

Subtract. 24 

Right ascension of meridian ...... 5 31 

o f U 

Obs. alt. of the Polar Star...... 67 36 0 

Dip of the horizon. — 5 15 


App. alt. of the Polar Star ... 67 30 45 
Refraction .... — 23 


True alt. of the Polar Star ... 67 30 22 
Correction (Table XVII.). - 36 0 


Approximate latitude. 66 54 22 

Corr. (Tab. XVII.*)..^. 9 = + 2 54 

Latitude ... 66 57 16 N. 


+ In the new Nautical Almanacs, Rules and Tables are given for finding the Latitude bjr 
an Altitude of the Polar Star, to the nearest second. 
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The nearer the star is to the meridian, either above or below the Pole, 
when the observation is made, the less will be the error in latitude, arising 
from an error in the supposed time. The time of the star's passing the 
meridian may be easily obtained by consulting Table XLIV.; see also the 
Explanation to that Table. 

EXAMPLES FOR EXERCISE. 

1. September 6, 1845, at llh. 50m. P. M., the altitude of the Polar 
Star was 81° 35', the height of the observer’s eye being 22 feet, and the 
index error + 2' 20" : required the latitude. 

Answer. 30° 15' 35" North. 

2. March 11,1840, at 15h. 30m. (or 3h. 30m. past midnight, March 12), 
the altitude of the Polar Star was 75° 26' 80", the height of the observer’s 
eye being 20 feet: required the latitude. 

Answer. 76° 44" 58 // North. 

To find the Latitude by two observed Altitudes of the Sun , and the Time 

elapsed between the Observations; having also the Latitude by Account , 

and the Sun's Declination when the greater Altitude was taken. 

Rule 1. To the log. secant of the latitude by account (XXV.), add 
the log. secant of the sun’s declination ; their sum, rejecting 20 from the 
index, call the log. ratio. 

2. From the natural sine of the greater altitude (XXVI.) subtract the 
natural sine of the less altitude, and set the logarithm of their difference 
(XXIV.) under the log. ratio. 

3. Take out the logarithm answering to half the elapsed time (XXVII.), 
and set it likewise under the log. ratio. 

4. Add these three logarithms together, and find the middle time cor¬ 
responding to their sum (XXVIII.), the difference between which and 
the half-elapsed time, will be the time from noon when the greater altitude 
was observed.* 

5. From the log. rising, answering to this time (XXIX.), subtract the 
log. ratio, and the remainder will be the logarithm of a natural number 
(XXIV.); which being found, and added to the natural sine of the 
greater altitude, their sum will be the natural co-sine of the meridian 
zenith distance (XXVI.) 

& Having found the meridian zenith distance, apply to it the reduced 
decimation, as directed in Page 180, and the result will be the latitude at 
the time of taking the greater altitude. 

7. If the latitude thus found, should differ considerably from the latitude 
by account, the operation is to be repeated, using the computed latitude 


* When the middle time it greater than the half-elapsed time, both observations will be 
on the tame aide of the meridian; otherwise, on different sides. 
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instead of that by account, until the latitude last found agree nearly with 
the latitude used in the computation.* 

Remarks on the Times of Observation :* • 

As the above method is only an approximation to the truth, it must be 
used under the following restrictions, viz. 

The observations must be taken between nine o'clock in the forenoon and 
three in the afternoon. If both observations be in the forenoon, or both 
in the afternoon, the elapsed time must not be less than the time from noon 
when the greater altitude is taken. If one observation be taken in the fore¬ 
noon, and the other in the afternoon, the elapsed time must not exceed 
four hours and a half; and in all cases, the nearer the greater altitude is to 
noon, the better. 

If the sun's meridian zenith distance f be less than the latitude, die limit¬ 
ations are still more contracted. If the latitude be double the meridian 
zenith distance, the observations must be taken between half past nine in 
the forenoon, and half past two in the afternoon; and the interval, or 
elapsed time, must not exceed three hours and a half. The observations 
must be taken still nearer to noon, if the latitude exceed the meridian 
zenith distance in a greater proportion. 

EXAMPLE I. 

May 22, 1836, in latitude 41° 45' N. by account, at llh. 88m. in the 
forenoon, the true altitude of the sun's centre was 67° 16', and at Oh. 
24m. 408. P. M. it was 689 24': required the true latitude. 

Times. Altitudes. Nat. Sines. Lat. by acc... 41° 45'...Secant 0.12723 

llh.28m. Os. A. M. ... 67° Iff . 92231 Declination... 20 27 ...Secant 0.02827 

0 24 40 P. M. ... 68 24 . 92978 - 

- ■ Log. ratio. 0.15550 

0 56 40 Diff. 747.Log. 2.87332 

0 28 20 Half-elapsed time.Log. 0.90899 

0 9 55 Middle time .Log.. 3.93781 

Log. rising .. 9.50879 

Log. ratio... 0.15550 

.Log.. 2.35329 


Nat. co. sine of mer. zen. diet.. 93204 = 21° 15' N. 

Declination 20 27 N. 

Latitude... 41 42 N. 


0 18 25 Time from noon . 

Natural number . 226 

Natural sine of greater altitude ... 92978 


* Dr. Brinkley, Professor of Astronomy in the University of Dublin, has published a 
Set of Rules for solving this Problem, which are annexed to the Nautical Almanac for the 
year 1822. 

t The meridian zenith distance is equal to the sum of the latitude and declination, when 
they are of contrary names; or their difference, when of the same name. 
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EXAMPLE II. 

August 9, 1836, in latitude 50° 40" N. by account, at llh. 36m. 29s. 
in the forenoon,vthe altitude of the sun's lower limb was 53° 18 / ; and at 
lh. 13m. 53s. in the afternoon, its altitude was 51° 59', the height of the 
observer's eye being 26 feet; required the tpae latitude. 

o t or 

First obs. alt. of sun’s lower limb... 53 18 Second obs. alt. of son’s lower limb. 51 59 

Corr. from Table IX. -+• lO'. 1 or... 4- 10 Corn from Table IX. + 10\ 1 or... -f 10 

True altitude.... 53 28 True altitude . 52 9 


Times. Altitudes. Nat. Sines. Lat. by aoc..50° 40...Secant 0.19803 

12bu Om. Os. 53° 28' . 80351 Declination. 15 48 ...Secant 0.01678 

11 36 29 A. Af. 52 9 . 78962 - 

■- — » » — Log. ratio . 0.21476 

23 31 DifT. 1389.Log. ..3.14270 

1 13 53 P. M. 


1 37 24 Elapsed time. 

0 48 42 Half-elapsed time ... Log. .. 0.67592 


0 12 23 Middle time ... Log. 4.03338 


0 36 19 Time from noon . Log. rising.. 3.09787 

Log. ratio . 0.21476 


Natural number......... 764 . Log. . 2.88311 

Natural sine of greater altitude.80351 


Nat. oo-sine of mer. sen. distance.. 81115 = 35° 47' N. 

Declination 15 48 N. 

Latitude... 51 35 N. 


As the latitude resulting from this computation differs 55' from the 
latitude by account, the operation must be repeated, using the latitude last 
found, instead of the latitude by account. 

Latitude last found. 61° 35 / ...Secant 0.20665 

Declination . 15 48 ...Secant 0.01673 


Log. ratio. 0. 22338 

Difference of natural sines..1389 ..Log. . . 3.14270 

Half-elapsed time ..... .Oh. 48m.42s...Log.... 0.67592 


Middle time. 0 12 38 .Log.. 4.04200 


Time from Noon. 0 36 4 .Log.* rising... 3.09187 

Log. ratio ... 0.22338 


Natural number. 739 .Log. . 2.86849 

Natural sine of greater altitude . 80351 

Nat co-sine of mer. zen. distance .... 81090=35° 49' N. 

Declination 15 48 N. 


Latitude... 51 37 • N. 
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As this latitude differs only two miles from the latitude by the first 
operation, it may therefore be esteemed die true latitude. 

In the preceding examples both observations were supposed to be taken 
in the same place; but as this is seldom the case, it will be necessary, 
when the ship is making much way, and the elapsed time is considmbk. 
to correct the less altitude, in order to find what it would have been, had 
it been taken at the place where the greater altitude was observed; which 
is to be done as follows: 

Let the bearing of the sun be observed by compass, at the time of 
taking the less altitude , and find the number of points contained between 
that and the ship's course by compass, between the observations, corrected 
for lee-way, if she make any, whicn subtract from 16, when it is more than 
8 points; likewise compute the distance run during the elapsed time: with 
these enter Table I., and find the corresponding difference of latitude, 
which will be the correction for the change of station. 

If the less altitude be observed in the forenoon^ the correction is tobe 
added to it, if the above angle be less than 8 points; but when it is more, 
to be subtrircted. 

If the less altitude be observed in the afternoon , the correction is tobe 
subtracted, if the angle be less than 8 points; but when greater, it is to be 
added to the less altitude. 

The less altitude being thus corrected, proceed according to the Bole, 
and the result will be the latitude of the ship when the greater altitude was 
observed. 

EXAMPLE III. 

November 10, 1837, latitude by account 32° 80 / N., at 9h. 30m. A.M. 
the altitude of the sun's lower limb was 28° 14k, the bearing of its centre by 
compass being S. E. 4 E.; and at 11 h. 17m. 42s. A.M. the altitude of tbe 
upper limb was 39° 8"; the height of the observer's eye being 18feet,andthe 
snip's course between the observations S.byE., running 7 knots per hour; 
required the latitude of the ship at the time of the latter observation. 

The elapsed time between the observations is nearly 1 hour 48 minutes, and her nW ^ 
sailing 7 miles per hour; therefore, as 1 hour : 7 miles : : lh. 48m. : 12 miles, the duttfW 
run between the observations. 

Sun’s bearing at first observation, S. E. 4 E. or S. 4| Pta. E. 

Ship’s course during the elapsed time, S. by E. or S. 1 Pt. E. 

Angle between them. 3) Pts. which being takvu 

as a course, in Table I. and the distance run during the elapsed time If miles, asadiitw* 
give in the latitude column 9 miles nearly, to be added to the less altitude, according» 
the above Rule. e , 


Ob*, alt. of sun’s lower limb . 

o r 

. — 4 

Obs. alt. of sun’s upper Hxnb. 

Pip of the horizon .. 

e 

.... 39 1 
.... - 1 


28 10 

. _ 2 

PffrM^nn.... 

sT* 
.... - 1 


28 8 


"» s 

-Jli 6 

8«mi diameter. 

. + 16 

Semidiameter 

True altitude of sun’s centre. 

Corr. for ship’s way. 

Sun’s reduced altitude. 

. 28 24 

. + 9 

. 28 33 

True altitude of sun’s centre.. 

39 tl 
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Times- Altitudes. Nat. Sines. Let. by acc. 32° 39'..«8ecent> 0,07897 

9h. 30m. Os. A.M. 28° 33'. 47793 Declination 17 II ...Secant 0.01983 

1! 17 42 A.M. 38 47 . 62638 -- 

- . ■ — Log. ratio . 0.09380 

1 47 42 Elapsed time Diff. 14645 .Log. . 4.17158 

0 53 51 Half-elapsed time...u... Log. ... O.f 

1 33 14 Middle time.Log. ... 4 .1 

0 39 23 Time from noon .Log. rising ... 3.16822 

Log. ratio.......... 09880 

Natural number 1187 ....Log.... 3.07442 

Natural sine of greater alt. ... 62638 

Nat. co-sine of xner. sen. diet... 63825=50° 20* N. 

Declination 17 11 S.....Secant 0.01963 

Latitude... 33 9 N......Secant 0.07715 

Log. ratio ... 0.09698 

h. in. s. Diff. nat. sines 14845 .Log. .. 4.17158 

0 53 51 Half-elapsed time.Log. 0.63299 

1 83 57 Middle time .Log. 4.90155 

0 40 6 Time from noon ...Log. rising . 3.18377 

Log. ratio ... 0.09698 

Natural number... 1221 .. Log. 3.08679 

Natural sine of greater alt. ... 62638 

Nat. co-sine of xner. zen. dist. 63859=50 : 19 7 N. 

Dediiiation 17 US. 

Latitude... 33 8 N. 


EXAMPLE IV. 

October 8, 1885, in latitude 60° 1 (Y N. by account, and longitude 139 3 
W., the altitude of the sun's lower limb was observed to be 19° 41' at 
lOh. 4m. 20s. apparent time in the forenoon, his centre bearing S. S. E. 
by compass, and at lh. 82m. 36s. afternoon, it was 21° 8'. The ship's 
course during the elapsed time was N. W. by N., sailing at the rate of 
9 knots per hour, and the height of the observer’s eye 16 feet: required the 
latitude of the ship at the time of taking the greater altitude. 

h. m. o'" 

App. time at ship at greater alt... 1 38 Sun’s dec. Oct. 8, by page t, N. A. 5 42 43 8. 

Longitude in tixne .. 9 16 W. Gorr. for Greenwich time (XXI.) -f-10 17 

Greenwich apparent time . 10 49 Sun's declination at Greenw. time 5 53 OS. 

The angle between the sun’s bearing, 8. S. E n and the ship’s course, N. W. by N., is 15 

points ; which shews that the ship has sailed within 1 point of the direction opposite the sun. 
Now 1 point taken out as a coarse in Table L, and 31 miles, the distance run in 3h« 28m., 
the elapsed time between the two observations, give in the latitude column 30 miles, to be 
applied to the less altitude, according to the rule in page 194. 

C c 2 
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First obs. alt. of sun’s lower limb ... 19 41 


Corr. Table IX + 9'. 7 or . + 10 

True altitude .. 19 51 

Corr. for ship’s way.. — 30 

Reduced altitude . 19 21 


Second obs. alt. of sun’s lower limb. 21 8 


Corr. Table IX + 9 / . 8 or .-f 10 

True altitude...21 18 


Times. Altitudes. Nat. Sines. 

12h. Otn. Os. 19° 21'.33134 


10 

4 

20 

AJtf. 21 18.86325 

1 

55 

40 

Diff 3191., 

1 

32 

36 

P.M. 

3 

1 

28 

44 

16 

8 

Elapsed time 

Half-elapsed time. 

0 

16 

51 

Middle time . 

1 

27 

17 

Time from noon .. 


Natural number. 3545 

Natural sfne of greater alt.30325 


Lat. byacc. ... 60° 10'... Secant 0.30323 
Declination. 5 53 ... Secant 0.00222 


Log. ratio 

. L °g- 


0.30552 

3.50393 


Log. 0.35763 


.Log. 4.16708 


.Log. rising. 3.85521 

Log. ratio . 0.30552 

.Log. 3.54969 


Nat co-sine of mer. zen. dist ... 39870 = 66° 30' N. 

Declination 5 53 S. Secant 0.00229 


Latitude... 60 37 N.Secant 0.30923 

. .... ratio ......j .. 0.31152 

h. m. s. Diff. nat. sines3191.Log.... 3.50393 

1 44 8 Half-elapsed time .Log. 0.35763 

0 17 5 Middle time.... Log... 4.17308 


1 27 8 Time from noon .Log. rising... 3.85291 

Log. ratio .. 0.31152 


Natural number. 3478.Log... 3.54139 

Natural sine of greater alt. 36325 


Nat. co-sine of mer. zen. dist. ... 39803 = 66° 33' N. 

Declination 5 53 S. 


Latitude... 60 40 N. 


EXAMPLE V. 

May 7) .1835, in latitude 29° W S., and longitude by account 38? E., 
at 9h. 49m. 20s. by a chronometer*, the observed altitude of the sun's 
upper limb was 45° 33'; and at lOh. 44m. 45s. by the same chronometer, 
the observed altitude of his lower limb was 42° 8' SO", at which time it 
bore N. ^ E. by compass. The ship's course between the observations was 


* The chronometer is here used, for the purpose of measuring the elapsed time more accu¬ 
rately than by a common watch. 
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N. W. | N. on the starboard tack, running at the rate of 6 knots per hour, 
and making 1 point lee-way, the height of the observer’s eye being 22 feet, 
and the apparent time at the meridian of the ship, when the greater altitude 
was observed, about Oh. 20m. P. M.: required the latitude of the ship 
when the greater altitude was taken. 

h. m. 

App. time at ship at great, alt.. May 7, 0 20 

24 


Ditto, past noon. May 6 .. 24 20 

Longitude in time. 2 32 E. 


Greenwich app. time, May 6 . 21 48 

The ship’s course N« W. £ N., corrected for 1 point lee-way, gives N. W. j W., and the 
angle this makes with the aim's bearing N. £ E., is 5 points ; which, taken as a course in 
Table I., and 6 miles, the distance run during 55 minutes, the interval between the observa¬ 
tions, as a distance, give in the latitude column 3 miles, to be subtracted from the second or 
less altitude, according to the Rule in page 194. 


o t ft o f tt 

Obs. alt. of sun’s upper limb. 45 33 0 Obs. alt. of sun’s lower limb. 42 8 30 

Dip of the horizon.. — 4 30 Dip of the horizon . — 4 80 


App. alt. of sun’s upper limb ... 45 28 30 App. alt of sun’s lower limb ... 42 4 0 

Refraction . — 56 Refraction . — 1 3 


True alt. of sun’s upper limb ... 45 27 34 True alt. of sun's lower limb ... 42 9 57 

Sun’s semidiameter by N. A. — 15 52 Sun’s semidiameter by N.A.. -|- 15 52 


True altitude of sun's centre ... 45 11 42 True altitude of sun’s centre ... 42 18 49 

— -■ i -- Corr. for ship’s way . — 3 0 


Sun’s reduced altitude .. 42 15 49 


Times by Chron. Altitudes. 

Nat. Sines. 


Lat. by acc...29° 10'. 

..Secant 0.05888 

9h. 

49m. 20s.. 45° 12* ... 

... 70957 


Declination.. 16 40. 

...Secant 0.01864 

10 

44 

45 . 42 16 ... 

... 67258 



Log. ratio ... 


0 

55 

85 Diff. 8699 ... 





0 

27 

42 Half-elapsed time 





. 0.91875 

0 

42 

16 Middle time. 





. 4.56435 

0 

14 

34 Time from noon . 




..Log. rising... 

. 2.30602 







Log. ratio .. 




Natural number 

... 169.... 





Natural sine of greater altitude 

... 70957 





Nat. co.-sine of mer. zen. dist.... 

... 71126 = 

44° 40' S. 






Declination 16 

40 N. 






Latitude... 

28 

0 S. 




By repeating the operation, the latitude comes out the same as above. 


Sun’s declin.. May 6, by N. A. 16 24 41 N. 
Correction for 12 hrs...8* 30" ) . ic jm 

Ditto for 9h. 48m. ...7 0 J + W ^ 

Sun’s declin. at Greenw. time. 16 40 11 N. 
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A direct Method of finding the Latitude by two Attitudes of the Sun , 

the Time elapsed between the Observations, and the Sun's Declination 

when the greater Altitude was observed.* 

Rule 1. Add together the true altitudes (found as before), and take 
half their sum; subtract the less altitude from the greater, and take half 
their difference. 

2. Find the interval between the times of observing the two altitudes, 
which call elapsed time; take half of the elapsed time, and reduce it to 
degrees, &c. by Table XIX. 

3. Add together the cosecant of half the elapsed time (reduced as above)f 
and the secant of the declination; their sum will be the cosecant of arcfirst* 

4. Add together the cosecant of arc first, the oosine of half the sum 
of the altitudes, and the sine of half their difference: the sum of these 
logarithms will be the sine of arc second . 

5. Add together the secant of arc first, the sine of half die sum of the 
altitudes, the cosine of half their difference, and the secant of arc second; 
their sum will be the cosine of arc third. 

6. Add together the secant of arc first (already found), and the sine of 
the declination; their sum will be the cosine of arc fourth , when the 
latitude and declination are of the same name; but when they are of 
contrary names, take the supplement for arc fourth. 

7. Take the sum or difference of arcs third and fourth, for arc fifth. 
(See Note.) 

8. Add together the secants of arc second (already found) and arc fifth; 
their sum will be the cosecant of the Latitude. 

Note. When the sum of arcs third and fourth is equal to, or greater 
than 90°, their difference is always arc fifth; but when their sum is less 
than 90° (which will rarely happen), it may be doubtful whether their sum 
or difference ought to be taken for arc fifth. But the computation is soon 
made on both suppositions, for the secant of arc fifth is the last logarithm 
which is taken from the Table, and the other parts of the calculation are 
therefore not affected by the change: one of tne results must certainly be 
the required latitude, and the latitude by account will generally be sufficient 
to determine which of them ought to be taken. 

Remarks. 

In this method the observations should, if possible, be taken under the 
same limitations as directed in the former (page 192); these, however, may, 
in case of necessity, be considerably extended, if the altitudes be taken with 
care, the elapsed time measured by a chronometer, and the logarithms and 
arcs taken out to the nearest second. 
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In both the methods no allowance is made for the change of the sun’s 
declination during the interval between the observations. This, indeed, 
might be done; but the operation would be more complicated, while the 
omission will produce no error of consequence to the navigator, especially 
if the interval be not considerable. 

It will much facilitate the operation if a formula be written out before 
the commencement of the calculation; and it should be observed, that 
many of the logarithms may be obtained at the same opening of the Table: 
thus, the secant and sine of the declination; the secant and co-secant of arc 
first, the former of which is wanted twice; the sines and co-sines of half the 
sum and difference of the altitudes; and the sine and secant of arc second; 
these being taken out together, will considerably expedite the calculation. 

EXAMPLE I. (Page 192.) 

Altitudes. Times. ° ' 

67° W . llh.S8m.0s. A.M. Latitude by account... 41 45 N. 

68 24 . 0 24 40 P. M. Declination. 20 27 N. 

o t __ 

Sum.185 40 half 67 50 0 56 40 Elapsed time. 

Diff.*...*. 1 8 half 0 34 0 28 20 Half-elapsed time = 7° S' 

Half elapsed time 7° 5'...Co-secant 0.90899 
Sun*s declination . 20 27...Secant... 0.02827. 

Arc first... 6 38...Co-secant 0.93726 ..Secant... 0.00292* 

Half sum alts.. 67 50.. .Co-sine . 9.57669...Sine ...... 9.96665 

Halfdiff.alts.. 0 34...Sine. 7.99520. ..Co-sine... 9.99998 

Arc second... 1 51...Sine. 8.50915...Secant.... *0.00023 

Arc third . 21 8......Co-sine... 9.96978 

Arc fourth. 69 24... 

Arc fifth....-. 48 16...Secant... 0.17675 

Secant... *0.00023 


Latitude.. 41 42...Co-secant 0.17698 


EXAMPLE II. (Page 193.) 

Altitudes. Times. ° ' 

53° 28'... I lh. 36m. 29s. A M. Latitude by account... 50 40 N. 

52 9 . 1 13 53 P. M. Declination . 15 48 N. 

_ . . o / __ 

Sum... 105 37 half 52 48} 1 37 24 Elapsed time. 

Diff.... 1 19 half 0 39} 0 48 42 Half-elapsed time 12° UK j 

Half-elapsed time 12° 10*4 Co-secant- 0.67593 

Smn*s declination . 15 48 Secant.... 0.01673. Sine... 9.43502 

Arc first............ 11 42| Co-seeant 0.69266...Secant... 0.00913 .....ASeeaat 0.09913 

Half sum alts. 52 48^ Co-sine... 9.78138...Sine. 9.90120 

Half diff. ahs...... 0 39& Sine.....*. 8.06031 ...Co-sine... 9.99997 

Arc second......... 1 58 Sine...... 8.53435.-Secant ... *0.00026 

Arc third . 35 31 ...Co-tine... 9.91061 - — - — 

Are fourth. 73 51 ..-...Co-sine 9.44415 

Arc fifth. 88 20 Secant... 0.10545 

Secant.... *0.00026 


.Sine... 9.54331 
..Secant 0.00292 


.Co-sine 9.54623 


Latitude 


51 37 Co-secant 0.10571 






































MO 


ON FINDING THE LATITUDE BY DOUBLE ALTITUDES. 


EXAMPLE III. (Page 194.) 


Altitudes. 

o / 

38 33 »**••»»»»•**•• 
38 47 .. 

________ o / 

Sum... 67 90 half 33 40 
Diff.... 10 14 half 5 7 


Times. ° 

h. m. s. Latitude by account. 33 SON. 

9 30 0 A.M. Declination . . .. 17 11 S. 

11 17 43 A.M. 


1 47 42 Elapsed tiroe- 
0 53 51 Half-elapsed time = 13° 27' 45" 


o / 

Half-elapsed time 13 28...Co-secant 0.63287 

Sun's declination. 17 11...Secant... 0.01083.....-Sine... 9.47046 


Arc first. 12 51...Co-secant 0.65270...Secant ... 0.01102......Secant 0.01102 

Half sum alts..... 33 40...Co-sine... 9.92027...Sine. 9.74379 

Half diff. alts. 5 7...Sine. 8.95029...Co-sine... 9.99827 


Arc second..... 19 29...Sine. 9.52326...Secant... *0.02561 


Arc third...... 53 5....Co-sine... 9.77869 

Arc fourth.107 38= (180*—72° 22').Co-sine 9.48148 

Aro fifth.. 54 33...Secant ... 0.23658 

Secant ... *0.02561 

o / _ 

Latitude. 33 9 N....Co-secant 0.26219 


EXAMPLE IV. (Page 195.) 


Altitudes. Times. 

° 9 h. m. s. Latitude by account 

19 21 . 10 4 20A.M. Declination. 

21 18 .. 1 32 36 P.M. 


_ O / - 

Sum... 40 39 half 20 194 3 28 16 Elapsed time. 

Diff,... 1 67 half 0 584 1 44 8 Half-elapsed time=26° 2' 

O I 

Half-elapsed time 26 2...Co-secant 0.35764 

Sun’s declination . 5 53...Secant... 0.00229.........Sine.. 


o t 

60 10N. 
5 53 S. 


9.01074 


Arc first. 25 53 Co-secant 0.35993...Secant..... 0.04591.Secant 0.04591 

Half sum alts. 20 194 Co-sine... 9.97208...Sine. 9.54076 

Half diff. alts. 0 584 Sine. 8.23086...Co-sine... 9.99994 


Arc second. 2 6...Sine. 8.56287...Secant. *0.00029 

Arc third. 67 164.Co-sine.... 9.58690 

Arc fourth. 96 324=(180°-83° 27'4) ....fir nirar ttgflfiS 

Arc fifth. 29 16 Secant — 0.05931 

Secant... *0.00029 

o / _ 


Latitude 


60 40 N. ...Co-Meant 0.05960 
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EXAMPLE V. 

September 9, 1835, in latitude by account 6° 8O' N., at Oh. 24m. 20s. 
by a chronometer, shewing Greenwich mean time, the altitude of the sun’s 
lower limb was 69 p 49 / 30", and at 2h. 44m. 20s. by the same chronometer, 
the altitude was 35° 10 / 30", the instrument being adjusted, and the height 
of the observer's eye 18 feet: required the latitude at the time the greater 
altitude was taken.* 

O t ft 

Sun’s declination for mean noon September 9, by Page II. of Nautical Almanac 5 30 24 N. 


Corn for Greenwich mean time. Oh. 24m., when the greater alt. was taken ... — 0 23 

Sun's declination at Greenwich mean time ...... 5 30 IN. 

O f ff O • ft 

First obs alt. of sun's low. limb 69 49 30 Seoond obs. alt. of sun's low. limb. 35 10 30 

Corn Table IX. + ll'.4= + 11 24 Corr. Table IX. + lO'.S = + 10 30 

Sun's true alt. at first obs.... 70 0 54 Sun’s true alt. at second obs....... 35 21 0 


Altitudes. Times by Chron. 

° ' h. m. s. 

70 l . 0 24 20 

35 21 .*. 2 44 20 


Sum ... 105 22 half 52 41 2 20 0 Elapsed time. 

Diff.... 34 40 half 17 20 1 10 0 Half-elapsed time=17° 3(F 

o f 

Half-elapsed time 17 30...Co-secant 0.52186 

Sim's dedination. 5 30...Secant..... 0.00200.Sine... S. 98157 


Arc first. 17 25...Co-secant 0.52386...Secant... 0.02038......Secant 0.02038 

Half sum alts. .... 52 41...Co-sine... 9.78263...Sine. 9.90053 

Half diff. alts. _ 17 20...Sine. 9.47412...Co-sine... 9.97982 


Arc second. 37 7...Sine. 9.78061...Secant ... *0.09832 


Arc third. 3 47...Co-sine... 9.99905 


Arc fourth..... 84 14........... Co-sine 9.00195 


Arc fifth. 80 27...Secant... 0.78013 

Secant... *0.09832 

° 9 _ 

Latitude . 7 36 N. ...Co-secant 0.87845 


Arc fifth....... 88 1 ......Secant... 1.46081 

Secant... *0.09832 
° 9 _ 
Latitude . 1 35 N. ...Co-secant 1.55913 


The sum of the third and fourth arcs being less than 90°, this example 
admits of two answers: first, by taking the difference of the arcs, the 
latitude comes out 7° 36' ; and by taking their sum, the latitude will be 
1° 35 / ; but it is evident that the former, agreeing nearly with the latitude 
by account, will be the required latitude. 

* See the third Example worked by Dr. Brinkley's method in the Nautical Almanac for 
1822, Pages 11 & 12. 

D D 


/ 
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Had this example been worked to seconds, the latitudes would have been 
T 37 29" and 1° 33' 3". 

Note. By the preceding method, the latitude may be found by two 
observed altitudes of a star; but in this case it will be necessary to reduce 
the interval between the observations, as measured in mean solar time by 
a watch or chronometer, to sidereal time, by Table XXXVII., as 
explained in the use of that Table. 

EXAMPLES FOR EXERCISE. 

1. October 20,1835, in latitude by account 50° 9' N., at Oh. 34m. P. M. 
the sun’s true altitude was 29° 15', and at 2h. 46m. P. M. it was 20° S': 
required the true latitude. 

Answer 50° 13 / North. 

2 . February 25, 1835, in latitude 49° 36* N. by account, at Oh. 33m. 
P. M. the observed altitude of the sun’s lower limb was 28° 53', and at 
2h. 43m. P.M. it was 19 p 44", the height of the observer’s eye being 14 feet: 
required the true latitude. 

Answer, 51° 14' North. 

3. July 8, 1835, in latitude 58° 25' N. by account, and longitude 
111° E., at llh. 2m. A.M. per watch, the altitude of the sun’s lower limb 
was 52 0 53', and at lh. 25m. P.M. the altitude was 52° 44', the sun 
at that time bearing S. W. by W. by compass; the height of the observers 
eye being20 feet,and the ship’s course during the elapsed time S. S.W.J W., 
sailing at the rate of 8 knots per hour: required the ship’s true latitude at 
the time when the greater altitude was observed. 

Answer, 5T° 28' North. 

4. August 30, 1835, in latitude 12° 43' S. by account, and longitude 
168^ 15' W., at llh. 13m. 30s. A.M., the altitude of the sun’s lower limb 
was G6 3 9' SO", and at lh. 15m. 12s. P.M. it was 62° O' 15", bearing at 
that time N. W. £ W.: during the elapsed time the ship was sailing 

S. W. by W. at the rate of 4 knots per hour, and the height of the 
observer’s eye was 28 feet: required the true latitude at the time of taking 
the greater altitude. 

Answer, 11° 37' South. 

To find the Latitude by an Altitude#/ the Sun taken near the Meridian: 

having the Apparent Time from Noon, the Latitude by Account, and 

the Sun's Declination at the Time of Observation . 

Rule 1. From the observed altitude, find the sun’s true altitude, and 
reduce the declination, taken from Page I. of the month in the Nautical 
Almanac, to the apparent time of observation, by Table XXI. or XXXIII- 

2. Add together the log. rising of the time from noon (XXIX.) 
the log. co-sine of the latitude (XXV.) 
and the log. co-sine of the declination; 
the natural number corresponding to the sum of these three logarithms 
(rejecting the tens in the index) (XXIV.) being found, and added to the 
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natural sine (XXVI.) of the true altitude, will rive the natural co-sine of 
the meridian zenith distance, to which apply the declination, as before, and 
the result will be the latitude. 

Should the latitude thus found, differ materially from the latitude by 
account, it will be advisable to repeat the operation, using that latitude 
instead of the latitude by account 

Note. The apparent time at the ship when the altitude is taken, may 
be ascertained by altitudes observed when the sun is at a proper distance 
from the meridian, as shewn hereafter, and the error it then nad, applied 
to the time shewn by the same watch when the altitude is taken; and 
should the ship have changed her meridian since the error of the watch was 
ascertained, the difference of longitude made, must be reduced into time by 
Table XIX., and added thereto, if east, or subtracted from it, if west 

Or, the apparent time at the ship may be obtained by means of a 
chronometer shewing mean time at Greenwich, by applying, to that time 
the equation taken from Page II. of the month in the Nautical Almanac, 
in order to reduce it to apparent time at Greenwich: to this add the 
longitude of the ship (reduced into time by Table XIX.) if it be east, 
or subtract it, if west, and the result will be the apparent time at the ship. 

The observations should be taken within the following limits, viz. the 
number of the minutes in the time from noon, should not exceed the 
number of degrees of the sun's meridian zenith distance. (See Note at the 
bottom of Page 192). 

EXAMPLE I. 


October 11,1836, in latitude by account 4G° KV N., and longitude 
158? E., the altitude of the sun’s lower limb was 36° 33 / at Oh. 28m. 10s. 
P. M., by a watch previously regulated; the height of the observer’s eye 
being 16 feet: required the true latitude. 


Obi. alt. of sun’s lower limb... 86 33 0 


Dip of the horizon. — 3 50 

36 39 10 

Refraction .... . — 1 17 

80 97 53 

Son’s semidiameter by N. A.... + 16 3 
Son’s true altitude... 36 43 56 

h. m. s. 

Time from noon. 0 28 10 

Latitude by acc.. 46° lO' N. 

Sun’s declination . 6 42 S. 

True altitude... 36 44 

Mer. zenith distance... 52 54 N. 
Sun’s declination . 6 42 S. 


App. time at ship Oct. 11 ..... 

h. m. 

.... 0 28 

24 

Ditto afternoon, Oct. 10 . 

. 24 28 


Longitude in time (Table XIX.)... 10 82 E. 


App. time at Greenwich Oct. 10... 13 56 


Sun’s dec. Oct. 10, by page 1 of N. A. 6° 28^ 29" S. 
Corr. for 12b. 0m. (XXI.) IV 20" 1 ‘ TQ 10 
Ditto for lh. 56m.. 1 52 f 

Sun’s declination at Greenwich time 6 41 41 S. 


.Risipg . 2.87753 

.Co-sine. 9.84046 

.Go-sine..... 9.99703 


Nat. number 519.Log.. 2.71501 

Nat sine. 59809 


Nat. co-sine 60328 


Latitude 


... 46 12 N. 


D d 2 
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EXAMPLE II. 

July 3,1835, in latitude by account 27° 50' S., and longitude 114P W., 
at 1 lb. 48m. 40s. A.M. (being July 2, at 23h. 48m. 40s. astronomical 
time), by a watch, whose error had been previously found to be 7m. 80s. 
too fast for apparent time at ship*, the altitude of the sun's upper limb 
was 41° 2' N., the height of the observer's eye being 21 feet, and the ship 
having made 38 miles of longitude to the eastward since the watch w» 
regulated: required the true latitude of the place of observation. 


h. m. s. 

Time of observation per watch.. 11 48 40 

Watch loo fa»t....... - 7 30 


Time corrected for the error of watch. 11 41 10 

Longitude made in time (XIX.) . + 9 8SL 


The time of observation after midnight .— 11 43 42 

12 0 0 


Ditto before noon July 8... 

O t ff 

Obs. alt. of sun’s upper limb... 412 0 
Dip of the horizon.„. — 4 23 


40 57 37 

Refraction .. — 1 5 


40 56 32 

Sun’s semidiameter, by N. A. — 15 45 


8un*s true altitude. 40 40 47 


h. m. s. 

Time from noon . 0 16 18 

n I 

Latitude by aooount... 27 50 & 
Sun’s declination...... 23 ON. 


True altitude ...'. 40 41 

Mer. zenith distance .49 S. 

Sun’s declination. 23 0 N. 

Latitude . 26 9$ S. 


0 16 18 


h. m. 

App. time at ship July 2, . 23 44 

Longitude in time (XlX.). 7 36 W. 


31 20 
24 

App. time at Greenwich, July 3 ... 7 20 

Sun’s dec. July 3, by page 1, N. A. 23 1 26 N. 
Corr. for Greenwich time (XXI.) — 1 30 

Sun’s declination at Greenw. time 22 59 56 N. 

.Rising .... 2.40266 

.Co-sine . . 9.94660 

..Co-sine . 9.96403 

Nat. number 206 Log. 2.31329 

Nat. sine ... 65188 

Nat. co-sine 65394 


EXAMPLE III. 

September 22, 1835, in latitude by account 50° 10 / N. and longitude 
20° 36' W., the altitude of the sun's lower limb was 4(P 12' 15" S., vhen a 
chronometer shewed 2h. lm. 50s. mean time at Greenwich; the error ot 
the instrument being + 1' 20", and the height of the observer's eye20feet: 
required the true latitude. 


Soe the Rul«s for finding the time and error of the watch further on. 
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b. m. §. 

Mean time at Greenwich by Chronometer., .. 2 1 50 

Equation of time. Sept. 22, by page II, of N. A. *+- 7 10 

App. time at Greenwich by Chronometer. 2 9 0 

Longitude of ship in time (Table XIX.) . 1 * 22 24 W. 


Apparent time at ship. 0 46 36 

Of" Of?/ 

Sun*i dec. Sept. 22, by page l.N.A. 0 30 UN. Obe. alt. sun's lower limb.. 40 12 15 

Cor.forapp.timeatGreenw.(XXI.) — 2 7 Index error.. + 1 20 

Son'* declin. at Greenwich time.. 0 28 4 N. 40 13 35 

- Com (Table IX.) +10'. 4=... + 10 24 


Sun's true altitude. 40 23 59 


h. m. s. 

Time from noon .. 0 46 36 .Rising . 3.31388 

Latitude by account... 50°10^N.Co-sine . 9.80656 

Sun’s declination . 0 28 N.Co-sine . 9.99999 


Nat. number 1320.Log...... 3.12043 

Sun's true altitude ... 40 24 ...Nat. sine ... 64812 

8nn*s true sen. disk... 48 36 N. Nat. Co-sine 66132 


Sun’s declination . 0 28 N. 

Latitude. 49 4 N. 


By repeating the operation, with the latitude as above, the true latitude 
comes out 49? 24' N. 


EXAMPLES FOR EXERCISE. 

1. May 9,1835 (civil time), in latitude by account 38° 26' S., and longi¬ 
tude 22? 40' E., the altitude of the sun’s upper limb was 33° 21' 30" N., 
when a watch, previously regulated, shewed llh. 10m. 15s. A. M., the 
height of the observer’s eye being 24 feet, and the error of the instrument 
+ U' 15 ": required the true latitude. 

Answer. 38° 324' South. 

2. November 10, 1835, in latitude by account 60° 12' N., and longi¬ 
tude 32? 30' W., at Oh. 56m. 12s. P. M., by a watch whose error bad been 
previously found to be 4m. 18s. too slow for apparent time at ship, the 
altitude of the sun’s lower limb was 11° 48' 45" south of the zenith, the 
height of the observer’s eye being 18 feet, and the ship having made 24 
miles of longitude to the westward, since the error of the watch was found: 
required the true latitude. 

Answer. 60? 4' North. 

3. March 15, 1835 (civil time), in latitude by account 47° 42' S., and 
longitude 168? 20' E., the altitude of the sun’s lower limb was 44° 6' 15" N., 
when a chronometer shewed 12h. 25m. 55s. mean time at Greenwich, 
March 14, the error of the instrument being — 2' 0", and the height of 
the observer’s eye 12 feet: required the true latitude. 

Answer. 47° 46' South. 
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ON THE VARIATION OF THE COMPASS. 


The Variation of the Compass is the deviation of the points of 
the Mariner’s Compass from the corresponding points of the horizon, and 
is termed east or west variation, according as the magnetic needle, or 
north point of the compass, is inclined to the eastward or westward of th$ 
true north point of the norizon. 

For many years after the discovery of the compass, it was supposed that 
the needle exactly coincided with the plane of the meridian, and conse¬ 
quently that all the points of the compass agreed with the correspondent 
points of the horizon. In the year 1492, Columbus first observed that 
the needle deviated from the north and south points of the horizon; but 
still imagined this deviation was constantly the same: however, in 1634, 
Mr. Edward Gillibrand, Professor of Astronomy in Gresham College, 
discovered, from a comparison of his own observations with those of his 
predecessors, that the variation was not always the same at the same place; 
for in that year he found that the variation of the compass at Deptford 
was 4° 4 / Ea8t, which, compared with the same as observed by Mr. Burrows, 
in 1580, at Limehouse, who had found it to be 11° 15' E., plainly shewed, 
that in the course of 54 years the variation had diminished more than 7 
degrees. In 1657, according to Mr. Bond’s observations, there was no 
variation of the compass at London: since that time the needle has been 
declining westward, and is at present about 24P 10' West.* 

It likewise appears, from observations made in various parts of the 
world, that in different places the variation differs both as to its quantity 
and denomination, being west in some places and east in others : tnus, off 
the South Coast of Ireland the variation is at present about 30° West; but 
near Cape Horn, in South America, it is 22° East. 

But besides the deviation of the needle from the plane of the true 
meridian, which it acquires after being touched with a magnet, it obtains 
another property called the dip ; that is, although the needle be properly 
balanced beforehand, it will now lose its horizontal position, and one end 
will incline below the horizon, while the other will be elevated, so that it 
will be necessary to attach a weight to the elevated end, in order to restore 
it to a horizontal position when supported on the central pin. The ancle 
that it makes with the horizon is called the dip of the needle . Near the 
equator it inclines but little from the horizontal plane; but one end is 
depressed the more as we advance towards the poles—the north end in the 
northern hemisphere, and the south end in the southern hemisphere. 

The needle^ is also subject to a local attraction , resulting principally 
from the masses of iron on board ship, by which it will be drawn more or 
less from the magnetic meridian, according as the disturbing cause is 

• According to the accurate observations of the late Colonel Beaufoy, made near London, 
the variation of the needle had arrived at its maximum in March 1819, when it was at noon 
24° 41' 42" West; the needle has since that time been retrograding, the magnetic north 
gradually inclining to the eastward, and consequently the westerly variation decreasing. 
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situated with regard to the needle; this effect is called the aberration of 
the needle. Now, as a ship in traversing is constantly changing its 
direction, the iron contained therein must be carried by it into different 
positions with respect to the compass, and by its attraction will continually 
change the direction, of the needle. If westerly variation be increased, or 
easterly variation diminished, when the ship's head is in a westerly direction, 
the contrary effect will be produced when the ship's head is brought round 
to an easterly direction, that is, westerly variation will be diminished, and 
easterly increased: hence it will be necessary to determine the actual van* 
atbn of the compass, when die ship's head is directed to different points 
of the horizon. In the northern hemisphere, when the compass is placed 
at or near the binnacle, the north point of the needle is attracted or drawn 
forward towards the ship's head; and the south point, in the southern 
hemisphere. 

The greatest aberration takes place when the ship's head is at or near 
the east or west points, and decreases towards the magnetic meridian, in 
the proportion of radius to the sine of the angle between the ship's head 
and the magnetic meridian. 

The most simple method of ascertaining the aberration, and from 
thence the actual variation of the compass, when the ship's head is in any 
given direction, is to observe the variation when the ship's head is brought 
alternately to the east and west points; half the sum of these variations 
will be the true variation, ana half the difference will be the greatest 
aberration of the needle, arising from local attraction: then, to find the 
aberration, and from thence the actual variation, when the ship's head is 
on any other point of the compass, enter a Traverse Table with the given 
number of points from Nortn or South, at the top or bottom, and the 
greatest aberration, reduced to minutes, in a distance column; opposite 
to which, in the corresponding departure column, will be found the aber¬ 
ration in minutes, when the ship's head is on the given point of the 
compass; then, if the ship be in the northern hemisphere, allow the aber¬ 
ration to the right-hand of the true variation, when the given point is to 
the eastward of the magnetic meridian, or to the left-hand when the given 
point is to the westward; but the contrary to this rule is to be observed 
when the ship is in the southern hemisphere : the result will give the actual 
variation when the ship's head is on the given point of the compass. 

Example. Suppose, when the ship's head bore east, being in north 
latitude, the observed variation was 31° 30 / W., but when the ship's head 
was put about to west, the observed variation was 27° 30* W.: required 
the true variation independent of local attraction, the greatest aberration 
of the needle, and the actual variation when the ship's head is on each 
second point of the compass. 


O / of 

Variation with ship's head East ... 21 30 W.. 21 30 W. 

Variation with Ship's head West... 27 30 W . 27 30 W. 


2) 6 0 


True variation. 


2 ) 49 0 

24 30 


Greatest aberration 


3 0=180' 
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Now, to find the aberration of the needle when the ship's head is two 
points from the north or south, enter Table 1, with two points at die ton, 
and the greatest aberration 180' in a distance column, opposite to which, 
in the corresponding departure column, will be 69 / =l° O', the aberration 
required: this aberration being allowed to the right-hand when the ship'fe 
head is to the eastward, diminishes the true variation 24° SO" W., and 
therefore subtracted from it leaves 23° 21', the variation to be allowed when 
the ship's head is N. N. E. or S. S.E.; but as the aberration is to be 
allowed to the left-hand when the ship's head is to the westward, conse¬ 
quently increasing the variation, add the above together, and their sum 
25° 39' will be the variation when the ship's head is N. N.W. or S. S.W. 

In the same manner the variations may be found, corresponding to the 
other points of the compass. 

The variations may tnen be formed into a table as follows: 


Ship’s Head by 
Compass. 

Variations. 

Ship’s Head by 
Compass. 

Variations. 

North 

24 30 W. 

South 

24 SOW. 

N. N. E. 

23 21 

s. s. w. 

25 39 

N. E. 

22 23 

s. w. 

26 37 

E. N. E. 

21 44 

w.s. w. 

27 16 

East. 

21 80 

West 

27 30 

E. S. E. 

21 44 

W.N.W. 

27 16 

S.E. 

22 23 

i N.W. 

26 37 

a s. e. 

23 21 

j N. N. W. 

25 39 


Hence the variations to be allowed are opposite the courses steered: dins, 
if the ship's head is E. N. E., the variation to be allowed is 21° W W.; but 
if W. S. W., the variation to be allowed is 27° 16' W. 

The observations for determining the variation should be made with in 
azimuth compass placed amidship on, or as near to, the binnacle as can be 
safely done; and tne steering compass should be compared with the azimuth 
compass, to ascertain that there is no difference in the direction of the 
needles, since the local attraction of the iron in the ship will affect the 
needle differently in different parts of it.* 

The Variation of the Compass is found by comparing together the 
sun's true and magnetic amplitudes or azimuths. 

The true Amplitude of any celestial object is an arch of the horizon 
contained between the true east or west points thereof, and the centre of 
the object at the time of its rising or setting; or, it is the deme* and 
minutes the object rises or sets to the northward or southward of die true 
east or west points of the horizon. 

The magnetic Amplitude is an arch contained between the east or 
west points of the compass and the centre of the object at rising or 

* Mr. Darlow, of the Royal Military Academy at Woolwich, hat invented an spparatm 
for neutralizing the effect of local attraction on the needle of the ship’s compass ; this consists 
of a small iron plate, fixed in such a situation behind, and near to, the steering compass, that 
its local action may exactly counterpoise the magnetic power of all the iron in the ship* 
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setting; or, it is the bearing of the object, by compass, when in tb? 
horizon. 

The true Azimuth of an object is an arch of the horizon contained 
between the true meridian and the azimuth, or vertical circle passing 
through the centre of the object. 

The magnetic Azimuth is an arch contained between the magnetic 
meridian and the azimuth, or vertical circle passing through the centre of 
the object; or it is the bearing of the object, by compass, at any time when 
it is above the horizon. 

The true amplitude, or azimuth, is found by calculation; and the 
magnetic amplitude, or azimuth, by an azimuth compass. 

The following is a description of Mr. M'CulIoch’s patent Azimuth 
Compass, with the method of observing amplitudes, or azimuths, by 
the same. 


DESCRIPTION OF THE AZIMUTH COMPASS. 

Figure 2, Plate VIII., is a representation of the azimuth compass ready 
for observation. The needle in this compass is bent in such a manner, that 
the point of the conical pivot on which it moves, and is supported, may be 
brought very near to the centre of gravity, as well as to the centre of 
motion. The card is similar to those of the steering compass, with this 
difference only, that a circular ring of silvered brass, divided into 560°, or 
rather into four times 90°, circumscribes the card, b represents the 
compass box, which is brass, and has a hollow conical bottom, e is the prop 
upon which the compass is supported, instead of gimbols. It stands in a 
brass socket, screwed to the bottom of the wooden box, and may be turned 
round at pleasure, h is one of the guards; the other, being directly 
opposite, is hid by the box. Each guard has a slit, in which a pin, 
projecting from the side of the box, may move freely in a vertical direction. 
1 is a brass bar, upon which, at right angles, the sight-vanes are fixed: a 
line is drawn along the middle of this bar; which line, the lines in the 
vanes, and the thread joining their tops, are all in the same plane. 2 is a 
coloured-glass, which may be moved up or down the sight-vane 3. 4 is a 
magnifying-glass, moveable on the other vane, whose focal distance is nearly 
equal to the distance between the vanes. 5 is the nonius, or vernier, whicn 
contains six divisions; and as the limb of the card is divided into half 
degrees, each division of the nonius is therefore five minutes. The 
interior surface of the nonius is ground concave to the segment of a circle 
of the same diameter as the circle of the card. 6 is a stopper, or screw, 
connected with the nonius, which serves to move the nonius close to the 
card, and thereby prevent it from vibrating as soon as the observation of the 
amplitude, or azimuth, is completed. 7 is a convex lens, to assist the eye in 
reading off the observed amplitude, or azimuth. 8 is a milled head, by 
which the card may be lifted off the centre, and prevented from vibrating, 
when the compass is not wanted for use. 



810 ON THE VARIATION OF THE COMPASS. 

USE OF THE AZIMUTH COMPASS. 

To observe the Sun's Amplitude. 

m Turn the compass-box, until the vane containing the magnifying-glass is 
directed towards the sun; and when the bright speck, or rays of the sun 
collected by the magnifying-glass, falls upon the slit in the other vane, 
stop the card by means of tne nonius, ana read off the amplitude. 

Without using the magnifying-glass, the sight may be directed through 
the dark glass towards the sun; and in this case, the card is to be stopped 
when the sun is bisected by the thread in the other vane. 

The observation should be made when the sun’s lower limb appears 
somewhat more than his semidiameter above the horizon, because his centre 
is really then in the horizon, although it is apparently elevated, on account 
of the refraction of the atmosphere : this is particularly to be noticed in 
high latitudes. 

To observe the Sun's Azimuth. 

Raise the magnifying-glass to the upper part of the vane, and move the 
box, as before directed, until the bright speck falls on the other vane, or on 
the line in the horizontal bar; the cam is then to be stopped, and the 
divisions being read off, will be the sun’s magnetic azimuth. 

If the card vibrate considerably at the time of observation, it will be 
better to observe the extreme vibrations, and take their mean as the mag¬ 
netic azimuth. When the magnetic azimuth is observed, the altitude of 
the object must be taken, in order to obtain the true azimuth. 

It will conduce much to accuracy, if several azimuths be observed, with 
the corresponding altitudes, and the mean of the whole taken for the 
observation. 

To find the Variation of the Compass by an Amplitude. 

Rule 1 . With the given time and longitude, find the corresponding 
time at Greenwich, by the Rules in page 155, and to that time reduce tne 
sun’s declination, (XXI.) taken from Table X., or the Nautical Almanac. 

2. To the log. secant of the latitude of the ship, rejecting the index 
(XXV.), add the log. sine of the sun’s reduced decimation; their sum will 
be the log. sine of the true amplitude*, to be reckoned from the east in 
the morning, or from the west in the afternoon, towards the north or 
south, according to the declination. 

S. Then, if the true and magnetic amplitudes be both north, or both 
south, their difference is the variation; but if one be north, and the other 
south, their sum is the variation : and to know whether it be easterly or 
westerly, suppose the observer looking towards that point of the compass 
representing the magnetic amplitude; then, if the true amplitude be to the 
right-hand of the magnetic, tne variation is east, but if to the left-hand it 
is west. 


The true amplitude may likewise be found approximately by Table XLII. 
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EXAMPLE I. 

Required the sun's true amplitude on November 6, 1836, in latitude 
48°SK 

Latitude..48° W _Secant... 0.17745 

Declination . 16 6 6 ....... Sine . 9.44997 


True amplitude. 94 40 .Sine. 9.69042 

Hence the tun will rite £. 94° 40 r S., or E. S. E. $ S. nearly; and set W. 94° 40' S. v or 
WA.W. i S. nearly. 

EXAMPLE II. 

July 8, 1836, in latitude 9° 36' S., the sun was observed to rise East 
If 0 N.: required the variation of the compass. 

Latitude . F M'S.Secant..... 0.00613 

Declination . 29 58 N.Sine. 9.59128 


True amplitude,E. 23 19 N.Sine.. 9.59741 

Hig. amplitude, E. 12 42 N. 

Variation 10 37 West, the true amplitude being to the left of 
1 1 ■ the magnetic. 

EXAMPLE III. 

September 24,1836, in latitude 26° 32' N., and longitude 79° W., the 
sun’s centre was observed to set W. 6° 15' S., about 6h. P. M.: required the 
variation of the compass. 


h. m. ° * 

Time at ship. Sept. 24. 6 0 Sun’s declination (Table X.). 0 34 S. 

Longitude m time (XIX).... 5 16 W. Corn for 11 h. 16m. (Table XXI.). -f H 


Time at Greenwich.. 11 16 Sun's declin. at Greenwich time . 0 45 S. 


Latitude.... 26°32'N.Secant... 0.04834 

Sun v s declination ... 0 45 S.Sine...... 8.11693 


True amplitude, W. 0 50 S..»....Sine. 8.16597 

Mag. amplitude, W. 4 17 S. 

Variation 8 27 East, the true amplitude being to the right of 


EXAMPLE IV. 

Being at sea, in latitude 43° 36 / N., and longitude 20° West, on Feb. 15, 
1886,1 observed the sun’s centre, at setting, W. 6° 45'N., at 6h. 52m. P. M. 
apparent time: required the variation of the compass. 

h. m. o t it 

App. time at ship, Feb. 15. 6 52 Sun*s declination by page I., N. A. 12 48 46 S. 

Longitude in time (Table XIX.) 1 20 W. Corr. for 8h. 12m. (Table XXI). — 6 49 

App. time at Greenwich. 8 12 Sun’s declin. at Greenw. time ... 12 41 57 S. 

E e 2 
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Latitude. 43° 36' N..Secant... 0.14016 

Sun’s declination .... IS 42 S..Sine...... 9.34212 


True amplitude, W. 17 4d 8........8ine...... 9.48223 

Mag. amplitude, W. 6 45 N. 


Variation 24 25 West, the true amplitude being to the U$l ot 
- the magnetic. 

EXAMPLES FOR EXERCISE. 

1. July 12, 1835, in latitude 42° 12' S., and longitude 14° 46' W., 
at 4h. 85m. P. M., apparent time, the sun set N. W. £ W. by compass: 
required the variation. 

Answer. 8° 57' West. 

2. December 10,1835 (civil time), in latitude 54° 35 / N., and longi¬ 
tude 53° 15' W., the sun’s centre was observed to rise S. by E., at 
8h. 27m. A. M., apparent time: required the variation of the compass. 

Answer. 36° 34' West 

3. March 9, 1835 (civil time), in latitude 10° 2' S., and longitode 
168° E., the sun’s magnetic amplitude at rising was observed to be 
E. 6° 22' N., at 5h. 57m. A. M., apparent time: required the variation 
of the compass. 

Answer. 11° 23', or 1 point nearly, East 

4. November 13,1835, in latitude 82° 36' N., and longitude 74° 15' W., 
at 5h. 15m. P. M., apparent time, the sun was observed to set, by an 
azimuth compass, W. 21° 30 7 S.: required the variation. 

Answer. No variation. 

5. March 21, 1835 (civil time), in latitude 52° 15' N., and longitude 
30° W., at 6h. 0m. A. M., apparent time, the sun’s centre was observed 
to rise 8. E. by E.: required the variation of the compass. 

Answer. In this Example, the sun, having no declination, rises due 
East, and the magnetic amplitude being S. E. by E., or three points to 
the southward of East, the variation is three points West, the true ampli¬ 
tude being to the left of the magnetic. 

To find the Variation of the Compose by an Azimuth . 

Rule 1. With the given time and longitude, find the corresponding 
time at Greenwich by the Rules in page 155, and to that time reduce the 
sun’s declination, (XaJ.) taken from Table X, or the Nautical Almanac; 
compute also the sun’s true altitude. 

2. Subtract the sun’s declination from 90°, when the latitude and decli¬ 
nation are of the same name, or add it to 90°, when they are of contrary 
names ; and the sum, or remainder, will be the sun’s polar distance. 

3. Add together the sun’s true altitude, the latitude of the ship, and the 
sun’s pplar distance ; take the difference between half their sum and the 
polar distance, and note the remainder: 
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4. Then add together, 

the log. co-sine of the half sum, 

and the log. co-sine of the remainder. 

5. Half the sum of these four logarithms will be the sine of an arch, 
which doubled, will be the sun's true azimuth; to be reckoned from the 
south in north latitude, and from the north in south latitude; towards the 
east in the morning, and towards the west in the afternoon. 

6. Then, if the true and observed azimuths be both reckoned from the 
north, or both from the south, their difference is the variation; but if one 
be reckoned from the north, and the other from the south, subtract the 
true azimuth from 180°, and the difference between the remainder and the 
magnetic azimuth will be the variation : and to. know if it be east or west, 
suppose the observer looking towards that point of the compass representing 
the magnetic azimuth; then, if the true azimuth be to the right of the 
magnetic, the variation is east, but if the true be to the left of the magnetic v 
the variation is west 


EXAMPLE L 

July 20, 1837, in latitude. 21° 42' N.,. and longitude 629 E., at 7h. 4m. 
A.M. (or July 19, at 19h. 4m., astronomical time), the sun's azimuth, by 
the compass, was observed to be S. 100° 16' E., at the same time that the 
altitude of his lower limb was 23°36 / ; the height of the observer's eye 
being 24 feet: required the variation of the compass. 


h. m. 09 

Time at ship, July 19. 19 4 Sun’s declin. July 19 (Table X.) 20 52 N. 

Longitude in time (Table XIX). 4 8 E. Corn for 14h. 56m.) _ gi or _ y 

. (Table XXL) ... j 

Time at Greenwich . 14 56 - 

-■ — Sun’s declin. at Greenwich time... 20 45 N. 

° ' 90 

Obs. alt. of sun’s lower Hmb. 23 36 

Corn Table IX. + S'. 8 or . + 9 Sun’s polar distance. 69 15 

True altitude of sun’s centre 23 45......Secant ... 0.03843 

Latitude. 21 42.Secant ... 0.03192 

Polar distance. 69 15 


Sum........... 114 42 

Half-sum.... 57 21...... Co-sine 9.73200 

Remainder..... 11 54......Co-sine ... 9.99057 


2) 19.79292 


51 59.Sine. 9.89646 

2 


True azimuth....S. 103 58 E. 

Magnetic azimuth ...S. 100 16 E. 

Variation 3 42 West, the true azimuth being to the left of the 
■ ■■ * magnetic. 
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EXAMPLE II. 


November 2, 1836, in latitude 25°32' N., and longitude 85° W., the 
altitude of the sun's lover limb was observed to be 15° 87', about 4h. 15m. 
P.M., his magnetic azimuth at that time being S. 58? 32' W., and the 
height of the observer's eye J8 feet: required the variation of the compass. 


h. m. • ' 

Time at ship. Nor. 9.4 15 Sun’* dedim Nor. 9. (Table X.). 14 52 S. 

Longitude in time (Tab. XIX.). 5 40 W. Coir, for 9k. 55m. 1 . » o 

- (T«bl«XXI.).„/ + ” 3ffor - + 8 


Time at Greenwich.................. 

9 55 



o / 

Sun’s declination at 

Obs. alt. of snn’s lower limb. 

15 37 


Corr. Table IX. S'. 8 or . 

i: 

Sun’s polar distance. 

True alt. of sun’s centre 

15 46... 

...Secant... 0.01666 

Latitude.. 

95 39... 

...Secant... 0.04463 

Polar distance. 

105 0 


Sum. 

146 18 


Half-sum.. 

73 9..., 

,..Co-sine... 9.46990 

iteraainder 

31 51..., 

...Co-sine... 9.99913 



9) 19.45969 


39 104 < 



90 0 


True azimuth.. S. 64 91 W. 

Magnetic azimuth... S. 58 39 W. 


Variation 


5 49 East, the true azimuth being to the rijpAf at the 
- magnetic* 


EXAMPLE IIL 

February 14, 1835, in latitude 36° 18' S., and longitude 38° SO* W., 
about half-past 6 A. M. (civil time), the following altitudes of the sun's 
lower limb, with the corresponding azimuths, were observed; the height 
of the observer's eye being 30 feet: required the variation of the compass. 

Axtaratlv. Altitude*. h. m. ® * 

°' of Timeatibip,Feb.]3, 18 80 Sun’s dec. Feb. 13 (Ta.X) 13 29S. 
S.87 1SE. 11 15 Ifong.tn tbne(T.XlX) 9 34W.Cor.for 12h.(XXI)9'48" 1 .. 

87 0 11 52 - Ditto for 9h. 4m...7 20 j 

86 40 19 44 Time at Greenwich 21 4 ■“ 

86 10 13 17 - Stut’idec. at Greenw. time 13 128- 

85 45 13 50 90 

■ ■ Obs. alt. sun’s low. L 12 35 ■ — 

5)432 50 62 58 Cor.T«.IX.+6'.7or + 7 Sun’s polar dietence.. 79 48 

MeansS.86 34 E. 12 35 Sun’s true altitude. 12 42 
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o t 


Son’s true altitude 

... 

12 42. . 

..Secant ... 

0.01076 

Latitude ............ 

...... 

36 18. 

..Secant ... 

0.093?0 

Polat distance. 


76 48 



Sum . 

125 48 



Half-sum .. . 


62 54 . 

..Co-sine... 

9.65853 

Riwnniiwin* ......... 


13 54. 

Co-sine... 

9.98709 




2)19.75008 



48 35. 

...Sine. 

9.87504 



2 



True azimuth....... 

....N. 

97 10 E. 
180 




Or S. 

82 50 E. 



Magnetic azimuth. 

—s. 

86 34 E. 




Variation 3 44 East, the true azimuth being to the right of 
— —— the magnetic* 


EXAMPLES FOR EXERCISE* 

1. March 8, 1835* in latitude 129 86' S., and longitude 155° 80' E., 
at 6h. 86m. P. M., apparent time, the aim's magnetic azimuth was observed 
to be S. 79° 15' W., at the same time the altitude of his lower limb was 
99 46'; die height of the observer's eye being 16 feet, and the error of the 
instrument -f S' 30": required the variation of the compass* 

Answer. 7° 41' East. 

2. August 6, 1885 (civil time), in latitude 18° 27' S., and longitude 
59 82' W., at 7b. 44m. A. M., apparent time, the sun's magnetic azimuth 
was observed to be N. 81° 40 / E., when the altitude of his lower limb was 
17° 49'; the height of the observer's eye being 22 feet, and the error of 
the instrument + S' 45 ": required the variation of the compass. 

Answer. 17° IP West 

8. May 21, 1885, in latitude 529 12'N., and longitude 165° 40' E., 
when a chronometer shewed 17h. 56m. 34s., May 20, mean time at the 
meridian of Greenwich, the sun's azimuth, by compass, was observed to be 
S. 829 58' W.; the altitude of his lower limb being at the same time 
23°48 / 30", and the height of the observer’s eye 12 feet: required the 
variation of the compass. 

Answer. 99 1& East. 

4. September 1,1835 (civil time), in latitude 31° 20' S., and longitude 
839 12' W., when a chronometer shewed 17h. 48m., August 31, mean 
time at Greenwich, the altitude of the sun's lower limb was 15° 2', and his 
magnetic azimuth N. 699 48' E.; the height of the observer’s eye being 
21 feet, and the index error — 2' 30": required the variation of the 
compass. 

Answer. No variation. 
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ON HADLEY S SEXTANT. 

This Instrument is constructed on the same principles as the quadrant; 
but as it is used to measure the angular distance between the moon and 
the sun, a star, or a planet, in order to determine the longitude, the arch is 
extended to 120 degrees, for the purpose of measuring their distance when 
greater than 90 degrees: it is also provided with some appendages not com¬ 
monly annexed to a quadrant, in order to take the observations with greater 
accuracy; which will be described in the following pages. 

Fig. I. Plate IX. represents a Sextant, the frame of which is sometimes 
made of ebony, but generally of brass, or other hard metal. The arch aa 
is, on the common instruments, made of ivory, and divided into 120 degrees, 
each degree into 8 parts, of course equal to 20 minutes, which i3 again 
subdivided by the nonius into half-minutes, or 80 seconds, each second- 
division, or minute, on the nonius, being cut longer than the intermediate 
ones. The nonius is numbered at every fifth of these longer divisions, from 
the right towards the left, with 5,10,15, and 20; the first division towards 
the right-hand, marked 0, being called the indew division . 

But the best sextants, which have metal arches, are usually divided to 
quarter minutes; in which case the degrees on the arch are divided into 4 
equal parts, or 15 minutes; and the minutes on the nonius into the like 
number, each equal to 15 seconds. 

On some sextants the degrees are divided into six equal parts, each repre¬ 
senting 10 minutes; and the minutes on the nonius also into six parts, or 
10 seconds each. The nonius is sometimes placed above, and sometimes 
below the arch. 

Figure, 8 represents part of the arch of a sextant, the degrees of which 
are divided into 4 equal parts, and the minutes of the nonius scale into the 
like number. In this figure the index division, or 0 of the nonius, which 
is placed above the arch, stands between 25° 15' and 25° 30 / on the arch; 
and that division of the nonius exactly coinciding with one on the arch, is 
the second, or 30" to the left of 7 minutes, or 7' 80 // , therefore the whole 
extent between the index division and the 0 on the arch is 25° 22 / SO". 

Again, in figure 9, where the nonius is below the arch, the 0 on the 
nonius is somewhat more than three divisions, or SO', to the left of 5G°; and 
the division on the nonius, coinciding with one on the arch, is 5', therefore 
the angle pointed out by the index division is 56° 35 / . 

When the index division is to the right of 0 in the arch, or as it is called 
on the arch of excess , the divisions are to be counted from left to right, 
both on the arch and on the nonius; thus, suppose on an instrument divided 
as in figure 8, the 0 on the nonius was rather more than three divisions to 
the right of 0 on the arch, and that the third long division on the nonius 
(representing minutes) from the left, marked 15, coincided exactly with a 
division on the arch, then the whole arch would be 48 minutes, that is 
45 minutes on the arch of excess, and 8 minutes on the nonius. 
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Or if the 0 on the nonius of a sextant, divided as in figure 9, were placed 
between the third and fourth divisions to the right of 0 on the arch, and 
the fifth subdivision on the nonius, counting to the right from that marked 
10, coincided with one on the arch, the whole arch would be 30 minutes 
and 50 seconds. 

In order to observe with accuracy, and make the images come precisely 
in contact, an adjusting, or tangent screw b, is added to the index, by 
which it may be moved with greater regularity than it can be by hand; but 
it must be observed, this screw does not act until the index is fixed by the 
clamp or finger screw c, placed at the back of the sextant Care should 
be taken not to force the tangent screw when it arrives at either extremity 
of its arch. When the index is to be moved any considerable quantity, die 
screw c must be loosened; but when the index is brought nearly to the 
division required, this back screw should be tightened, and then the index 
be moved gradually by the tangent screw. 

Four shades, or coloured glasses, are placed at d, between the index and 
horizon-glasses, each of which is set in a different frame, turning on a centre: 
they are used to screen the eye from the brightness of the reflected solar 
image, and the glare of the moon, and may be used separately, or together, 
as occasion requires. 

Three more such glasses are placed behind the horizon-glass at e, to 
weaken the rays of the sun or moon, when they are viewed directly through 
the horizon-glass. The pale glass is sometimes used in observing altitudes 
at sea, to take off the strong glare of the horizon. 

The sextant is generally furnished with a plane tube (Fig. 2) without 
any glasses; and to render the objects still more distinct, it has likewise 
two telescopes, one representing the objects erect , or in their natural 
position (Fig. 4); the other, a longer one (Fig. 3), which shews the objects 
inverted; but the latter has a larger field of view, and a greater magnifying 
power, with other advantages: a little use will soon accustom the observer 
to the inverted position, and the instrument will be as readily managed by 
it, as the plane tube alone. By a telescope the contact of the images is more 
perfectly distinguished; and by the place of the images in the field of the 
telescope, it is easy to perceive whether the sextant is held in the proper 
plane tor observation. By sliding the tube that contains the eye-glasses in 
the inside of the other tube, the object is suited to different eyes, and made 
to appear perfectly distinct and well defined. 

The telescope is to be screwed into a circular ring at x : this ring rests 
on two points, against an exterior ring, and is held thereto by two screws; 
by turning one, and tightening the other, the axis of the telescope may foe 
set parallel to the plane of the sextant, as already directed. The exterior 
ring is jfixed on a brass stem that slides into a socket; and by means of the 
screws at the back of the sextant, it may be raised or lowered, so as to move 
the centre of the telescope to point to that part of the horizon-glass which 
shall be judged the most fit for observation. 

A circular head, with coloured glasses (Fig. 7), sometimes accompanies 
the sextant, and is to be screwed on die eye-end of the tube, or on that of 
either telescope. The glasses arc contained m a circular plate, which has 

F F 
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four holes; three of these are fitted with coloured glasses, the fourth is 
open. By pressing the finger against the projecting edge of this circular 
plate, and turning it round, the open hole, or any of the coloured glasses, 
may be brought between the eye-glass of the telescope and the eye. 

To these appendages are adaed a small screw-driver, to adjust the screws; 
a magnifying-glass (Fig. 6), to read off the observation with greater 
accuracy; and a microscope (Fig. 5), for the same purpose, made to fit 
into a tube fixed at the lower end of the index. 

ADJUSTMENTS OF THE SEXTANT. 

To adjust a sextant is to set the index and horizon-glasses perpendicular 
to the plane of the instrument, and their planes parallel to eacn other when 
the index-division is at 0 on the arch ; also, to set the axis of the telescope 
parallel to the plane of the instrument: each of these particulars must 
be examined before an observation is taken, and the adjustments, if requi¬ 
site, made according to the following directions. 

I. To set the Index-Glass perpendicular to the Plane of the Sextant. 

Move the index forward to about 60 degrees; then, holding the in¬ 
strument horizontally, with the limb from the observer, look obliquely 
down the index-glass, and see if the reflected and the true arches appear 
to be in the same plane; if they are, the glass is adjusted; otherwise, it is 
to be rectified by the screws behind the glass, as directed for the quadrant, 
page 176. 

II. To set the Horizon-Glass perpendicular to the Plane of the Sextant 

Screw on the plane tube, or the common telescope, and, holding the 
sextant horizontally, observe if the reflected and true horizons appear in 
the same strait line; if they do, the glass is adjusted; otherwise, turn 
the screw at the back of the instrument till they perfectly coincide. This 
adjustment may also be made by directing the telescope to the sun, moon, 
or a star, in which case make the index-division, or 0 on the nonius, coincide 
with 0 on the arch; then, holding the instrument perpendicularly to the 
horizon, direct the telescope to the object; if the reflected image be to 
the right or left of the direct object, turn the screw under the horizon- 
glass till they coincide with each other, when the glass will be perpendi¬ 
cular to the plane of the instrument. If the adjustment be made by 
a star, move the index backwards and forwards slowly, and observe if 
the reflected image, in passing the star, coincide with it; if it does not, 
the glass is to be adjusted by the screw, as before. 

Horizon-glasses are fitted up in various ways, to admit of this adjust¬ 
ment. In some sextants a screw, connected with the brass frame of the 
horizon-glass, which moves on two points, is placed behind, over which 
a brass cap is screwed, to secure it from accidents; in others, a small 
screw is placed at the top of the frame, and is moved by a steel lever 
pin: by means of these screws the horizon-glass is set perpendicular to 
the plane of the instrument. 
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Wheft this or the following adjustment is made by observing the sun* 
the inverting telescope is always to be used, and one or more of tne shades, 
both before and behind the horizon glass, are to be turned up, in order 
to screen the eye from the bright solar rays proceeding from the direct and 
reflected suns; which are to be made, by means of the shades, to appear as 
neady as possible of the same degree of brightness. 

III. To set the Horizon-Glass parallel to the Index-Glass, when the 
Index Division is at 0 on the Arch . 

Make the index division of the nonius coincide exactly with 0 on the 
arch; and, in order to make the coincidence as perfect as possible, examine 
them through the magnifying glass, or microscope, and fix the index by 
the damp under it; screw on die telescope, and turn the screw l, at the 
back of the instrument, till the line which separates the transparent and 
silvered parts of the horizon-glass, bisect the field of the telescope. Having 
done this, hold the sextant perpendicularly, and direct the sight through 
the telescope to the horizon ; then, if the reflected and true horizons do not 
coincide, turn the tangent screw at the back of the horizon-glass till they 
be made to appear in the same strait line: then will the planes of the 
horizon and index-glasses be parallel. 

This adjustment, in some instruments, is made by means of two screws 
placed near the horizon-glass, which act against each other in turning the 
frame round its axis: these screws are moved by a steel lever-pin, put into 
one of the holes made through the head of the screw; and in making the 
adjustment by these screws, care must be taken, that when one is slackened, 
the other must be tightened, in order that they may sufficiently press 
against each other, ana prevent the horizon-glass from altering its position, 
when the direct and reflected horizons are made to coincide. But although 
the adjustment made by these screws is not so liable to alter as when made 
by a tangent screw, it is recommended not to depend on this adjustment, 
but rather to find the index error; and indeed this becomes absolutely 
necessary when the horizon-glass is so constructed as not to admit of the 
adjustment, which is the case with most modem instruments. 

To Jind the Index Error . 

The index error is the number of minutes and seconds pointed out by 
the nonius, when the direct object and its reflected image coincide with 
each other, and may be found as directed in the adjustment of the fore 
horizon-glass of the Quadrant, in page 177; but with greater accuracy by 
the following method 

Having screwed on the inverting telescope, adjusted the eye-tube to 
distinct vision, and turned up the proper shades, place the 0 on the nonius 
about 40 minutes to the right of 0 on the arch, and tighten the clamp c 
under the index of the sextant; then, holding the instrument perpendicu¬ 
larly, bring the direct and reflected suns in exact contact by the tangent 
screw, and read off the minutes and seconds pointed out by the nonius on 
the arch of excess , which note down, and call it off; next place the 0 of 
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the nonius about 40 minutes to the left of 0 on the arch, and make the 
contact of the two suns correct, as above; read the minutes and seconds 
shewn by the nonius, which call on, and set it under the first arch; then 
half the difference of these two arches will be the index error, which is 
additive to all angles taken with the sextant, when the arch to the right of 0 
is greater than the arch to the left of 0, and subtractive when the contnuy. 
The direct and reflected suns will appear through the inverted telscope 
thus— 


When the index-division is to the right 
of 0 on the arch. 



When the index-division is to the left 
of 0 on the arch. 



Suppose the following observations were taken, to determine the index 


error: 


EXAMPLE I. 

/ #/ 


EXAMPLE II. 

/ u 


Off. + 31 45 

On. - S3 0 


Off...... + 39 10 

On. - 31 90 


9) 1 15 


9) 0 60 


- 0 37 


+ 0 25 


Index error 95" additive, because the 
arch to the right, or of, is greater thaa 
the arch to the left of 0. 

To prove that the contacts were made correctly, add the arches together, 
and divide their sum by 4 ; the quotient should then be equal to the $ur*s 
semidiameter, as given in Page II. of the given month in the Naitfkal 
Almanac: Thus, suppose the observations in Example I. were made on 
February 12th, 1835: here the sum of the arches is 64' 45", the fourth part 
of which is 16'11", agreeing nearly with the sun’s semidiameter (lfr IS") 
as given on that day in the Nautical Almanac; it may therefore be pre¬ 
sumed that the contacts were correctly made. 

But if the altitude of the sun should be less than about 20° at the time of 
taking the above observations, the sun’s horizontal, instead of the perpendi> | 
cular, diameter should be measured; for as refraction affects the lower limb 
more than the upper, it occasions the perpendicular diameter to be less than 
the horizontal, which is that given in the Nautical Almanac: in this case, 
the sextant is to be held horizontally, with the face upwards, and the 
reflected suu brought into contact alternately with the right and left limbs 
of the direct sun, as before explained; the contacts will then appear thus— 

Reflected sun. Direct sun. Direct sun. Reflected sun. 



Index error V 87" subtractive, because 
the arch to the left, or on, is greater than 
the arch to the right of 0. 
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IV. To set the 4sri* of the Telescope parallel to the Plane 
of the Sextant. 

In measuring angular distances, the line of sight, or IP of the telescope, 
should be parallel to the plane of the instrument, as a deviation in that 
respect may occasion a considerable error in the observation, and this is 
most sensible in large angles; to avoid which, a telescope is made use of, in 
whose field there are placed two wires parallel to each other, and equidistant 
from the centre, to which are generally added two others at right angles to 
these, and parallel to each other. By means of these wires, the adjustment 
may be made thus : screw on the telescope, and turn the tube containing 
the eye-glass till two of the wires are parallel to the plane of the instrument; 
then take two objects, as the sun and moon, or the moon and a star, or two 
stars, whose angular distance must not be less than 90 degrees, because the 
error is more easily discovered when the distance is great: bring them ex¬ 
actly into contact at the wire which is nearest the plane of the sextant, and 
fix the index; then, by altering a little the position of the instrument, 
make the objects appear on the other wire. If the contact still remain 
perfect, die axis of the telescope is in its right situation ; but if the limbs of 
the two objects appear to separate at the wire that is farthest from the 
plane of the instrument, it shews that the object-end of the telescope 
inclines towards the plane of the instrument, which must be rectified by 
tightening the screw nearest the sextant, which is attached to the ring that 
holds the telescope, having previously slackened the screw farthest from it 
If die images overlap each other at the wire farthest from the sextant, the 
object-rad of the telescope is inclined from the plane of the sextant, and 
the highest screw must be turned towards the rignt, and the lowest towards 
the left. By repeating this observation a few times, the contact will be 
precisely the same at both wires, and consequently the axis of the telescope 
will be parallel to the plane of the instrument. 

USE OF THE SEXTANT. 

To observe the angular Distance between the Moon and the Sun . 

Turn up one or more of the shades before the horizon-glass, according 
to the brigntness of the sun, and set the index division to 0 on die arch ; 
then, holding the plane of the sextant so as to pass through the two objects, 
with its face upwards, when the sun is to the right-hand of the moon, or down¬ 
wards, when the sun is to the left (see Diagrams in the following page), direct 
die sight through the ring x and the horizon-glass, to the moon, without using 
the telescope, and move die index forward until the sun's image come nearly 
in contact with the moon's nearest limb; then fix the index by the screw c 
under the sextant. Now screw on die inverting telescope, adjusted to 
distinct vision, placing two of the wires parallel to the plane of the instru¬ 
ment, and raising the telescope, by the screw l, tp the transparent part of 
the horizon-glass; then, directing the sight through the telescope to the 
moon, holding the sextant as before directed, make the contact perfect by 



m 


on haoley's sextant; 


means of die tangent screw b ; at the same time moving the sextant slowly 
round the axis of the telescope, by which means the sun will appear to pass 
by the moon, and the contact be more accurately made; observing always, 
that the point of contact of the limbs should be as near the centre of die 
field of tne telescope as possible. 

The arch pointed out by the nonius being now read off, as before 
directed, will shew the observed distance of the nearest limbs of the sun 
and moon. 

In the following Diagrams, A B represent the observed distance of the 
nearest limbs when the sun is to the right of the moon, and C D the distance 
when the sun is to the left of the moon. 



It will perhaps be more easy for those who are not accustomed to take 
observations, to find the distance nearly, and setting the index forward to 
it, to look direcdy towards the moon, holding the instrument as before; 
the sun will then appear nearly in contact with it, and is to be made perfect 
by the method above mentioned. In the Nautical Almanac, the distances 
of the sun and moon are set down for the beginning of every third hour of 
time at Greenwich, on such days as the moon is not less than 35 degrees, 
nor more than 125 degrees from the sun, and may be found for any inter¬ 
mediate time by proportion. From these distances you may compute roughly 
their distance at the time of observation, thus: calculate roughly the time 
at Greenwich, when the observation is to be taken, as directed in Page 155; 
then find by the Ephemeris the distance nearly at that time, from which 
subtract 30 minutes, the sum of the semidiameters, and the remainder will 
give the distance of their nearest limbs at the time of observation. 

It will save some trouble, and serve the purpose of finding the reflected 
image of the sun or moon in the horizon-glass, if you only set the index to 
the central distance, as set down in the Almanac for the nearest third hour, 
without correcting it to the intermediate time by a rough computation. 

To observe the Distance between the Moon and a Star or Planet 

Turn up one of the lightest screens before the horizon-glass, and, with¬ 
out the telescope, direct the sight through the ring k, and the horizon-glass, 
to the star; holding the sextant in such a direction that if its plsne be seen 
edgewise, it may appear to pass through the moon and the star, with its face 
upwards or downwards, according as the st r is to the left or right of the 
moon; then move the index forward, until the reflected image of the moon 
be seen near to the star. Now screw on the inverting telescope, and adjust 
it as before directed ; bring the enlightened edge of the moon into contact 
with the star, by means of the tangent screw, at the same time moving the 
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arch of the sextant slowly up and down, by which motion the enlightened 
Umb of the moon will appear to pass the star, and the contact be more 
accurately made, which should always be as nearly as possible to the centre 
of the field of the telescope. The arch being then read off, will give the 
observed distance between the star and the moon's enlightened limb. 

In the following Figure, AB represent the distance of the star at A from 
the moon's nearest limb at B, and B C the distance of the moon's furthest 
limb from the star at C. 



If the distance between the moon and one of the stars set down in the 
Almanac, for finding the longitude, is to be observed, their distance may 
be roughly calculated, as before directed, to which set the index; then loot 
through the telescope, and direct the sight to the star; which is generally a 
bright one, and lies in a line nearly perpendicular to the horns of the moon, 
either to the eastward or westward, as denoted in the Almanac; and, holding 
the sextant m the plane of the two objects, give it a slow motion round the 
axis of the telescope, and if the moon’s image come into the field of the 
telescope, it is a proof you have taken the right star, as no other in that 
direction will correspond to it in distance. 

In this manner the distance of the moon from a planet is to be observed; 
but the moon's enlightened limb is always to be brought over to the centre 
of the planet.* 


ON THE ARTIFICIAL HORIZON. 


When altitudes are to be taken on shore with a sextant, where the 
observer has not the advantage of the sea horizon, he is obliged to have 
recourse to an artificial horizon, which is a horizontal plane with a smooth 
or polished surface, on which the rays of the sun, or other object, falling, 
are reflected back to an eye placed in a proper position to receive them : 
the angle between the real and reflected objects being then measured with 
a sextant, will be double the altitude above the horizontal plane. 

Such a horizontal plane may be obtained by pouring a quantity of oil, 
tar, treacle, or other fluid and viscous substance, into a shallow vessel; and, 
to prevent the wind giving a tremulous motion to its surface, a piece of 
thin gauze, muslin, or plate-glass, whose surface is perfectly plane and 
parallel, may be placed over it when used for observation. 


* A star is a new luminous point, having no sensible diameter; but that of a planet 
amounts to a few seconds. If the distance be taken as directed above, the necessity of 
allowing for the planet's semidiameter will be avoided in clearing the distance. 
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An artificial horizon sometimes consists of a plane speculum, fixed in a 
brass frame, standing upon three adjusting screws, by which its surface 
may be made horizontal With the assistance of a spirit-level placed on its 
s&mce in various positions; observing that the screws be turned until 
the air-bubble always rests in the middle of the tube. The under surface 
of the plate of glass is sometimes unpolished and blackened, So that the 
image of the sun can only be reflected from the upper surface, which should 
be carefully polished, and a perfect plane: by this means the errors that 
might arise from a defect of parallelism in the two surfaces are avoided. 

But the best and most approved kinds of artificial horizons are those 
produced by quicksilver, which being poured into a small wooden trough, 
will always, agreeably to the nature of fluids, preserve an exact horizontal 
plane at its surface : over this is placed a roof, to protect the quicksilver 
from the action of the wind; in which are fixed two plates of glass, the 
two sides of each being ground perfectly plane and parallel. These are 
usually packed in a mahogany box, with a vessel containing a quantity of 
quicksilver, ready for use when wanted. 

When one of these instruments is used, the observer is to place himself 
at a convenient distance, for instance, two or three feet, in such directum 
as that he may see the object reflected from the artificial horizon, as well as 
the real object; then, having screwed on the telescope of the sextant, and 
turned down the dark glasses before and behind the horizon-glass, the 
upper or lower limb of the sun’s image, reflected from the indet-glass, 
is to be brought into contact with the opposite limb of the image reflected 
from the artificial horizon, observing that when the inverted telescope is 
used, the upper limb will appear as the lower, and vice versa *: the angle 
on the instrument being then read off, and the index error applied to it, will 
give double the altitude of the limb above the horizontal plane; to the half 
of which, if the refraction, parallax, and semidiameter be applied, the 
result will be the true altitude of the centre. 

Example. Suppose, August 12, 1835, the observed angle between 
the lower limb of the sun, reflected from the index-glass of the sextant, 
and the upper limb reflected from the artificial horizon, to be 99° 45 80", 
the index error of the sextant being 2 / 20" to add: required the true 


altitude of the sun’s centre. 

o t n 

Observed angle. 99 45 30 

Index error... -f S SO 


2) 99 47 50 

Observed altitude of sun’s lower limb.... 49 53 55 
Refraction—Parallax (Table XVIII.).... - 42 


True altitude of sun's lower limb. 49 53 13 

Sun’s semidiameter. -f 15 49 

True altitude of sun's centre. 50 9 2 


# It will perhaps be more easy to the observer, if he first bring the images of the sun 
nearly into contact by the naked eye, and afterwards screw on the telescope, aad make *W 
contact perfect by the tangent-eorew. 
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The jbUowing diagram will illustrate the method of observing altitudes' 

Let A B represent the. sur T . 
face of the quicksilver, contained 
in a wooden trough, whose piano s 
is continued to C; D £ F, the 
roof, in which are fixed two plates 
of glass, DE and EF, whose 
surfaces are plane and parallel to 
each other; and O the sun at S., 
whose altitude is required. Now 
the ray SH, proceeding from the 
sun's lower Umb to the surface of 
the quicksilver, will be reflected 
thence to the eye, in the direction 
H 6, and the upper limb of the 
sun's image, reflected from the quicksilver, will appear in the line 6 H, 
continued to R; and it is a well-known principle in catoptrics, that the 
angle of incidence SHA or SHC, is equal to the angle of reflection 6HB; 
and as the angle A HR or CHR is vertical, or opposite to the angle GHB, 
it is therefore equal to it, and to the angle SHC: consequently the 
angle S HR is double the angle SHC, the altitude of the sun's lower 
limb above the horizontal plane; so that if we suppose the angle S H R, 
measured by a sextant, to be 70°, the altitude of the sun's lower limb will 
be 35*. 

In theory, the eye of the observer should be placed at the angular point 
H ; but as a ray I G, proceeding from so distant an object as the sun to 
the eye at G, may be considered as parallel to the ray S H, the measured 
angle I G H will be equal to the angle S H R. 



ON FINDING THE 

LONGITUDE BY OBSERVATION. 

Various methods have been proposed for determining the longitude 
of a place, but almost all of them depend upon one general principle, viz. 
the comparison of the relative times under two different meridians; so that 
if the time under a given meridian be known, and also the time under any 
other meridian, the difference of these times, turned into degrees and minutes, 
in the proportion of 15 degrees to 1 hour, will be the difference of longitude 
between tne two meridians. For as the sun apparently moves round the 
earth, from east to west, in 24 hours, or over an arch of 15 degrees of the 
equator in 1 hour of time, all places lying to the eastward of any meridian, 
will have noon sooner, or if to the westward, later, by as much time as the 
sun takes to,pass from the meridian of one place to the meridian of the 
other: hence, if the time at the meridian of Greenwich (from whence the 
longitude is reckoned), and of any other place, at the same moment of 
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absolute time, be given, its longitude from Greenwich may be inferred by 
reducing the difference of the times into degrees and minutes, in the pro¬ 
portion of 15 degrees of longitude to 1 hour of time: moreover, if the time 
at the place be neater than that at Greenwich, its longitude will be east, 

• but if less, it will be west. Thus, suppose it is ascertained that the time 
at Greenwich is 2 hours past noon when it is just noon at the ship; it will 
thence appear that the longitude of the ship is 30° west of the meridian of 
Greenwich, because the sun passes over 30° of the equator in 2 hours of 
time, and having left the meridian of Greenwich 2 hours since, the ship 
must consequently be to the westward of that meridian. If we suppose the 
time at the ship to be 2 hours past noon when it is noon at Greenwich, her 
longitude would be 30° east of the meridian of Greenwich; for the sun in 
this case would have passed the meridian of the ship 2 hours before he 
passed that of Greenwich. 

Now the time at any given meridian may be easily computed by an 
altitude of the sun or other celestial object, taken when distant from the 
meridian, or from observations of the sun when at equal altitudes; and the 
time at Greenwich may be ascertained by means of a chronometer, or by 
various astronomical observations. With respect to the first of these, it is 
obvious that if a clock or watch could be so constructed as to go uniformly in 
all seasons, and at all places, such a machine being once set to mean time at 
Greenwich, would always shew the mean time at that meridian, on whatever 
part of the earth it might be; and therefore, if the mean time under any other 
meridian were found, and compared with that shewn by the chronometer, 
the longitude of the place from Greenwich would be readily obtained. To 
effect this purpose, several ingenious artists have exerted their abilities, and 
have brought chronometers to an astonishing degree of perfection, whereby 
they have become a valuable acquisition to the navigator, in determining 
the difference of longitude made in short periods: however, considering 
the delicacy of their construction, and the various accidents to which they 
are liable, an implicit confidence ought not to be placed on them alone, par¬ 
ticularly in long voyages; but recourse should be had to astronomical 
observations, whenever opportunities present themselves. 

The various astronomical methods of determining the longitude depend 
likewise upon the above-mentioned general principle; for, by observing the 
time at the meridian of a given place when any celestial appearance happens, 
and comparing the same with the time at Greenwich, as shewn by the 
Nautical Almanac*, their difference, reduced to degrees and minutes, gives 

• The Nautical Almanac was originally proposed by the late Dr. Maskelyne, Aatranoasr 
Royal, and the first published was for the year 1769, by order of the Commissioners of Longi¬ 
tude i being constructed, calculated, and printed under the immediate inspection of Dr. 
and after his decease, continued annually, with additions, by Mr. Pond, the pres en t Astie* 
nomer Royal, till the year 1833. 

In 1834, this most important and useful Work, so essential to the Navigator andAstron ooW* 
was published by order of the Lords Commissioners of the Admiralty, according to an iwprotfsd 
plan, recommended by a Committee of the Astronomical Society; and is now conducted under 
the superintendence of Lieutenant W. S. Stratford, of the Royal Navy. 

All the calculations in the New Nautical Almanac are set down for mean fhas, at tbs 
meridian of Greenwich, excepting those in Page I. of each month, which are computed fsr 
apparent time. In the latter part of the Work ia given a clear and copious explanation sf su 
the articles contained therein, which renders any further explanation here unnecessary. 
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the longitude of <the place where t1ie f observation is'taken. Suppose, fof 
instance, that at* eclipse of the moon should be observed at a certain plaoe to 
begin at mkhtight, and that by the Almanac, the time at Greenwich, when 
the eclipse commenced, was 3 hours past midnight: now as the commence¬ 
ment or the eclipse must be seen at the 'same moment of absolute time in 
all parts where it is visible, the difference between the time at the place 
of tne observer and that of Greenwich, which is 3 hours, and answers to 
45 degrees, must be the longitude of the place; and it is evidently west, 
because the time at the place is leas than the time at Greenwich. Upon 
the same principle the eclipses of Jupiter's satellites will give the longitude. * 
But eclipses of the moon happen too seldom to be of use at sea; and the 
satellites of Jupiter are visible only through a telescope of considerable 
magnifying powers, which cannot be managed on board a ship. 

The most practical method of ascertaining the time at Greenwich by 
celestial observations taken at sea, is that of measuring the angular distance 
between the moon and sun, or the moon and certain stars or planets near 
the ecliptic, usually called a lunar observation, both on account of the 
quick motion of the moon in her orbit, and the firequent opportunities that 
offer for taking such observations; for in favourable weather, distances may 
be taken at all times when the objects are more than 9 or 10 degrees above 
the horizon, except about the time of new moon; and, as the moon's daily 
motion is about 13 degrees, or atthe rate of 1 minute of a degree in two 
minutes of time, if her true angular distance from the sun, a star, or aplanet 
can be ascertained within 80" of a degree, the corresponding time at Green¬ 
wich will be known within one minute of time, and hence the longitude 
within 15 minutes of a degree. 

This method of determining the longitude was proposed many years ago 
by Mr. John Werner and others; but, from want of proper instruments to 
observe the distances, andof a good lunar theory to ascertain the moon's place, 
it was laid aside. These difficulties are, however, now happily obviated by 
the invention and improvements of Hadley's Sextant, and the accuracy of 
the new Lunar Tables; so that a good observer, with proper instruments, 
may depend upon the longitude found by this method within a few minutes 
of a degree. 

To facilitate this important problem, the true angular distances between 
the centres of the moon and tne sun, a fixed star, or planet,* are set down 
in Pages XIII. to XVIII. of each month in the Nautical Almanac, for 
the beginning of every third hour of Greenwich mean time; and the time 
answering to-any intermediate distance, may be found by proportional parts: 


* The Stan used in the Nautical Almanac for the above purposes are, a Arietis, Aldebaran, 
Pollux, Regulus, Spica Virginia, Antares, a Aquila , FomeUhaut , and a Pegasi. As a know¬ 
ledge of these stars is of great importance to the observer, the Author has published a Set of 
Celestial Maps, with directions for using them, in which the above stars are particularly 
pointed oat, and may be more readily known by comparing the maps with the heavens, than 
they possibly can by any verbal description. 

The Planets from which the moon's distances are computed, are Venus, Mars, Jupiter, and 
Saktm ; .these distances were formerly published by Professor Schumacher, at Copenhagen, 
bat are now introduced into the new Nautical Almanac, among the other distances, being 
c alcul at ed under the direction of the Professor. 

G g 2 
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hencetbe distance between these objects beiqg taken with a sextant or circle, 
and the corresponding mean time at Greenwich found by the Almanac, and 
compared with the mean time at the ship, their difference will be the longi¬ 
tude of the place of observation. 

’ But since the observed distance is always taken from the surface of the 
earth before it is compared with the true distances in the Almanac, it most 
be corrected, in order to find what it would have been if observed at the 
centre, to which point the true distances are referred; for, by the effects of 
parallax and refraction, the moon is seen lower than its true place, and the 
other objects higher: hence the true is almost always different from tbe 
observea distance. 

In taking a lunar observation, two assistants should be employed to 
observe the altitudes of the objects, while the principal observer is taking 
their distance; also one with a watch, to mark the times when the observa¬ 
tions were made. If one of the objects be at a proper distance from the 
meridian, the time may be inferred from its altitude; but if it be too near 
the meridian, a watch or chronometer will be absolutely necessary, whose 
error must be found by an altitude taken before or after the lunar observa¬ 
tion, according as it is most convenient 

The quadrants and sextant being properly adj usted, and their index errors 
found, place the assistants in the most convenient situation, and let the one 
holding the watch be provided with a paper and pencil, to note down the 
observations when taken. All things being ready, proceed to take the distance 
between the objects, the assistants at the same time observing the altitudes 
of each. When this is done, give notice to the assistant with the watch, who 
is to mark the exact time, ana set it down, together with the observations 
read off from the instruments. In this manner proceed four or five times, 
each set of observations being noted down in proper order; then take the 
mean of the times, and of each observation, by adding them together, and 
dividing their sum by the number of sets observed; the quotient will give 
the mean of each set, which is much more to be depended upon than if one 
set only were taken. 

The following example will shew the form in which a set of lunar observ¬ 
ations are to be written down : 


June . . Height of the eye 20 feet. 

Timet by watch. Alt. of * Antarea. Alt. oO *■ I* L. Diat. X ’■ far. L. 
b. m. a. ° ' " o ' " ° ' 


0 

21 

0 

26 

51 

0 

41 

45 

30 

62 

26 

63 


22 

20 

27 

0 

0 

41 

33 

0 


26 

12 


23 

6 

27 

4 

0 

41 

25 

30 


96 

61 


24 

15 

27 

12 

0 

41 

14 

30 


25 

14 


26 

0 

27 

24 

0 

40 

58 

0 


24 

95 

5J_ 

116 

40 

135 

31 

_0 

206 

56 

30 


128 

35 

Meant. 9 

23 

20 

27 

6 

12 

41 

23 

18 

62 

25 

43 

Err. of watch, -f 


10 


1 

_0 

+_ 

1 

J5 

— 


10 InAErra. 


23 

30 

27_ 

5 

J2 

41 

24 


62_ 

25 

33 


It may sometimes happen that, from want of proper assistants, the altitudes 
of the two objects cannot be taken at the same time with their distance; in 
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which case the altitudes may be in&rredftom the apparent rime andthe 
latitude of the ship, according to rules laid down for that purpose; but it 
must be observed, that unless these be well determined, the operation will 
bring out a considerable error: it will therefore be found much more asm- 
rate to adopt the following method, by which one person can take a set of 
observations without assistants, having a good quadrant to take the altitudes, 
and a sextant to observe the distances. 

Let the observations be taken in the following order, noting the rimes by 
a watch: 1, the altitude of the sun, star, or planet; 2, the altitude of the 
moon; 3, any odd number of distances; 4, the altitude of the moon; 5, the 
altitude of toe sun, star, or planet Now add together the distances, and 
the times when they are taken, each of which being divided by the number 
observed, will give the mean of the rimes and distances; then, to reduce the 
altitudes to the mean of the times, say, as the difference of rimes between 
the observations is to the difference of their altitudes, so is the difference 
between the time that the first altitude was taken, and the mean of the times, 
to a fourth number; which, added to, or subtracted from, the first altitude 
of each object, according as it is increasing or decreasing, will give the alti¬ 
tudes reduced to the mean of the times.* 


EXAMPLE. 


Suppose the following observations were taken at the under-mentioned 
times: required the altitudes of the sun and moon, reduced to the mean of 
the times and distances. 


Times per watch. 

3h. 25m.4Is. Alt. of sun’s lower limb. 

88 44 Alt. of moon’s upper limb. 

if*... .u* (32 50 Dist. nearest limbs. 

30 Dist. nearest limbs. 

an. asm. 47*. ^ 0 Dist. nearest limbs. 

38 80 Alt. of moon’s upper limb. 
42 4 Alt. of sun’s lower limb.... 


54° S' 0" 
80 3 0 

73 13 30) 
73 14 ioy 
73 14 30) 
80 45 0 

53 14 0 


Mean diet. 
73° 14' 3* 


Times. Altitudes. Times. 

1st alt. 3h. 25m.41s. 54° </ 3b. 25mAls. 1st altitude. 

3d alt. 3 42 4 53 14 3 33 47 mean of times. 


Diff.... 16 23 - 51 - 8 6 — 0° 25* 13* 

First altitude of sun’s lower limb. 64 6 0 


Reduced altitude of sun’s lower limb ... 53 39 47 

Times. Altitudes. Times. 

1st alt. 3h. 28m.44s. 80° S' 3h. 28m.44s. 1st altitudes 

8d alt 3 38 20 2045 333 47 mean of times. 


' Diff.... 9 36 - 42 - 5 3 — 0° 22' 6" 

first altitude of moon’s upper limb......... 80 3 0 


Reduced altitude of moon’s upper limb ... 80 25 6 

Hence we obtain the following set of observations. 

Time per watch. Dist. neuest.L: of © A C • Alt. of 0’s L. L. Alt. of }’s U.L. 
3h.33m. 47s. 14' 3" 53° 39' 47' # 20° 2^ 6" 


* The change of altitude may be readily found by Proportional Logarithms. See Expla¬ 
nation to Table XXXIV. 
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ON FINDING THE TIME AT ANY GIVEN MERIDIAN. 

Tofind the apparent, or mean Time, at Ship or Place of Observation* and 
thence the Error of the Watch , by an Altitude of the Sun. 

Rules.— 1. With the estimated longitude, and apparent time at ship when 
the observation is taken, find the corresponding apparent time at Greenwich 
by the Rule in Page 155, to which apply the equation of time, taken out 
for the nearest noon from Page I. of the month in the Nautical Almanac, 
as directed at the head of its column: the result will be the corresponding 
mean time at Greenwich nearly. Or the Greenwich mean time may be 
found by a chronometer, whose error for that meridian is known. 

£. From the observed altitude of the sun's lower limb subtract the dip 
of the horizon (V.) and the refraction (IV.), or the difference of refraction 
and parallax (XVIII.), and to the remainder add the sun's semidiameter, 
taken from Page II. of the Nautical Almanac; the sum will be the true 
altitude of the sun's centre. Or the correction for the dip, refraction, and 
semidiameter may be nearly found at once by Table IX. 

3. Take out the sun's declination for the preceding noon at Greenwich, 
from Page II. of the Nautical Almanac, and correct it for Greenwich mean 
time byTable XXI. or Table XXXIII.f 

4. Take out the equation of time from Page I. of the Nautical Almanac, 
md reduce it to Greenwich time by Table LI. 

5. Then proceed according to one of the foUowh^g methods. 

METHOD I. 

1. Subtract the sun's declination from 90°, when the latitude and decli¬ 
nation are of the same name; or add it to 90° when they are of contrary 
names; and the sum or remainder will be the sun's polar distance. 

ft. Add together the sun's true altitude, the polar distance, and the lati¬ 
tude of the place of observation; take the difference between half their sum 
and the sun a true altitude, and note the remainder: 

3. Then add together, 

The co-secant of the polar distance (XXV.) ; 

The secant of the latitude; 

Hie co-sine of the half sum; 

And the sine of the remainder. 

4. The sum of these four logarithms, rejecting tens in the index, will be 
the log. (XXXI.), answering to the apparent time from the nearest noon: 
consequently, if the observation be made in the morning, the time thus 
found must be taken from £4 hours, to obtain the apparent time from the 
preceding noon. 

5. To the apparent time thus found, apnly the reduced equation of time, 
by addition or subtraction, as directed at the head of its column in Page I. 
of the Nautical Almanac; and the sum or remainder will be the mean time 
at the ship, or place of observation. Hence the error of the watch or chro¬ 
nometer, at the meridian of the place, may be found either for apparent or 
mean time. 

1 Or the correction for reducing the declination to Greenwich mean time may be fovrA 
by the diffsfor l hour y in the Nautical Almanac. 
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METHOD II. 

1. When the sun's declination, and the latitude of the place, are of the 
same name, take their difference, but when they are of contrary names, 
take their sum, under which set the sun's zenith distance*; take the sum and 
difference of these, also the half sum and half d i f fe re n ce; then add together, 

£. The log. secant of the latitude (XXV.); 

The log. secant of the declination; 

The log. sine of the half sum; 

And the log. sine of the half difference. 

The sum ofthese four logarithms, rejecting tens in the index, will be the log. 
(XXXI.), answering to the apparent time from the nearest noon, as before. 

This method of computing tne apparent time will be found very convenient 
when it is required to work to the nearest second; since the proportional 
parts to seconds, being all additive, may be added at once with the logarithms, 
to find the required logarithm. 

Note. The observations for finding the time should be taken when the sun, 
or any other celestial object, is at least three hours from the meridian; and 
the nearer it is to the east or west points of the horizon, the better; because 
then the change of altitude is quickest, and an error of a few miles in lati¬ 
tude will not materially affect tne timef. 

It will be proper to observe several altitudes, noting the times, by the 
watch or chronometer, when each is observed, and to use the means of the 
sets, which are found by adding the sets together, and dividing their sum 
by die number that are taken. 


EXAMPLE I. 


August 16, 1835, the following observations were made of the sun's 
lower limb, in latitude 36° 31 / N., and longitude by account 152? E., the 
height of the observer's eye being 20 feet: required the true apparent and 
mean time at the ship, and the error of the watch. 

Appjhnai AMtudsaaT h. m. m. a. 

bf Watch. Sum’ftL.L. App.timeatship,Aug. 1 6 , 4 42 Equation of time,} , A 

24 August Hi.f ^ 

- Corr.for 12hra. 6*.0) _ 

28 42 Do.for6h.d8m. 8 .3) 

Longitude in time. 10 8 E. — 

- Eq4UOreatwichtime + 4 11 

Oreeiuapp.tiiiie^tig.15, 18 34 — - 

Equation of time.. -f 4 


h. m. a. 

4 40 0 

41 10 

42 3 
48 0 
44 17 


24 20 
24 4 
23 604 
23 86 
23 214 


20 


- 9 


6) 210 82 119 12 


Means 4 42 6 23 60 24 ^Hwnwich mean time.. 18 38 

Dtp of horizon... - 4 17 - ° # » 

Sun*a declination, Auguat 16,(P.II,N. A.)... 14 18 86N. 
23 46 7 Correction for 12home (XXI.)... - V 33*) Rt 
Corr. (XVIII)... - 2 0 Ditto for 6h. 38m. . - 6 18 f “ 14 


28 44 7 Sun'a deoMnatften at Greenwich mean time.. 
Sun's semHUam. 16 49 


13 58 45 N. 
90 


Watticdh.. 28 68 66, Sen** polar distance*.*.*.^..... 76 1 16 


* The zenith diatance ia found by subtracting the altitude from 90°. 

*f The time from noon, or the altitude, when the sun or other celestial object ia in the most 
advantageous position for finding the time at the place of observation, ia given in Tables 
XLV. and XLVI. 
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True altitude. 84° O' 

Polar distance. 76 1 .Co-secant 0.01806 

latitude. 36 31 .Secant... 0.09498 

Sum.186 88 

Half sum. 68 16 .Co-sine... 9.56854 

Remainder. 44 16 .Sine. 9.84886 

h. m. s. ■■ ■ 

Apparent time at ship . 4 41 11.Log.. 9.58038 

Equation of time . -j- 4 11 Time by watch 

Mean time at ship ... 4 45 88 

Time by watch. 4 48 6 

Watch slow for mean time.... 


h. m. a 
4 41 11 
4 42 6 


Watch fait for apparent time ... 0 0 55 


8 16 


METHOD II. 

latitude . 36°31' 0"N..Secant 0.094915 

Sun’s declination. 13 58 45 N.Secant 0.018038 

Difference. 88 82 15 

Zenith distance ... 66 0 4 

~ ' 19 

..Sine... 9.843855 
..Sine... 9.568222 

885 


Sum . 88 32 19 Half 44 16 9. 

Difference. . 48 27 49 Half 21 43 54. 


h. m. s. 

Apparent time at ship. 4 41 11.. 

Equation of time. -f 4 u 

Mean time at ship . 4 45 88 


.Log.... 9.52035. 


EXAMPLE II. 

March 15,1835 (civil time), the following observations of the sun's lower 
limb were made in latitude 16° 29' SO"' N., and longitude 99? 3 <Y W., the 
height of the observer’s eye being 22 feet, and the error of the sextant 2' 50" 
to be subtracted: required the apparent and mean time at the meridian of 
the ship, and the error of the waten. 

App. time at ship, Mar. 14, 18 45 Equat. of time, 1 , « is 

Longitude in time. 6 38W. March 15 ... f + 9 19 

Correction fori , 
lh.32m.. f~ 1 

» : }+914 


App. Times 
by watch, 
n. m. s. 
18 42 58 
44 50 
46 44 

3) 134 26 


Altitudes of 
SuirtL.L. 
o t n 


10 88 45 
85 80 
44 15 

108 30 


18 44 49 10 36 10 

Index error.— 2 50 


25 38 
84 

App. time at Green. Mar. 15, 1 28 
Eq. of time (Page I, N. A.). + 9 

Mean tuneatQreen.Msr.15, 1 3S 


Equatat Green¬ 
wich time~< 


10 83 80 

Cor.(IX)+6'.6=+ 6 86 

Son’s true alt... 10 89 56 


Sun’s declination, March 15, (P.II,N. A) 2 18 8 8. 
Correction for lh. 38m (XXI) .. — 1 DO 


Son’s dedin. at Greenwich mean time.. 


2 16 88 8. 
90 


Son’s polar distance. 98 16 38 


• For the method of finding the proportional parts to seconds, see Explanation to Table XXV. 
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METHOD I. 

or 

True altitude 10 40 

Polar distanoe...... 02 164.Co s oc a n t 0.00094 

Latitude. 16 29j.Secant... 0.01824 

Sum. 

Half-sum... 

Remainder 


Apparent time from noon 


■ n. Bb .a 

Apparent time at ship.. 18 47 18...... 18 47 18 

JSquation of time ... -|- 9 14 Time by watch. 18 44 49 


time at ship. 18 56 39 Watch slow for apparent time ... 2.29 

Time by watch... 18 44 49 ■ - ■ - 


Watch slow for mean time ... 11 43 


119 26 

. 59 43 .Co-sine... 9.70267 

49 3 .Sine. 9.87811 

h. m. s. ■ ■ 

5 12 42.Log.. 9.59936 

24 


METHOD II. 


Latitude . 

Sun’s dedination, 

Sum .... 

Zenith distance . 

Sum. 

Difference. 


Apparent time from noon. 


o t It ]Q 

16 29 30 N.Secant 0.018226 

2 16 38 S.Secant 0.000340 


18 46 8 
79 20 4 

- o r ir 

98 6 12 Half 49 3 6...Sine., 
60 33 56 Half 30 16 58...Sine. 

h. m. s. 

5 12 42.Log.. 


9 


11 

9.878109 
9.702452 
209 


9.59937. 


Having found the apparent time from noon, proceed as in the first method, 
to find the apparent and mean time, and thence the error of the watch. 


To find the apparent and mean Time at Ship or Place of Observation, 
and thence the Error of the Watch , by an Altitude of a Star . 

Rules.— 1. With the estimated longitude and apparent time at ship, or 
by # chronometer, find the mean time at Greenwich, as directed in the last 
problem, Page 230. 

2. From the observed altitude of the star, subtract the dip (V.) and 
refraction (IV.), or subtract die correction taken from Table XY., and 
the remainder will be the star's true altitude. 

3. Reduce the star’s right ascension and declination (XIII.) to the given 
year and month,* and the sun’s right ascension, taken out for the preceding 


• In the Naudcal Almanac for 1835, the true apparent right ascensions and declinations 
of the principal fixed stars (that is, their mean places corrected for the effects of precession, 
aberration, and nutation,) are given, from page 368 to 407, for every day, or tenth day of the 
month, and may be thence taken, instead of their mean places in Table XIII, in cases where 
the greatest accuracy is required. . > 

H H 
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noon from Page II. of the month in the Nautical Almanac, to the mean 
time at Greenwich (XXII. or XXXIII.) 

4. Take out the equation of time from Page I. of the Nautical Almanac, 
and reduce it to Greenwich mean time by Table LI. 

5. Proceed as with the sun, by either of the methods in the last Problem, 
to find the hour-angle, or star’s distance from the meridian (which, with the 
sun, is the time from noon); this being added to the star’s right ascension, 
if the star be to the westward of the meridian*, or subtracted from it, if the 
star be to the eastward, the sum or remainder will be the right ascension of 
the meridian. 

6. From the right ascension of the meridian, increased by 24 hours if 
necessary, subtract the sun’s reduced right ascension; and the remainder 
will be the apparent time of observation at the meridian of the ship. 

7. To the apparent time thus found, apply the reduced equation of time, 
by addition or subtraction, as directed at the head of its column in Page I. 
of the Nautical Almanac; and the sum or remainder will be the mean time 
at the ship, or place of observation. Hence the error of the watch or chro¬ 
nometer, at the meridian of the place, may be found either for apparent or 
mean time. 


EXAMPLE I. 

January 5, 1835, in latitude 18° 2V N., and longitude by account 
55° 45' West, the following altitudes of the star Procyon were taken, when 
it was west of the meridian, the observer’s eye being 20 feet above the sur¬ 
face of the sea: required the apparent and mean time at the ship, and 
thence die error of the watch. 


App. Times Altitudes 
by Watch. oftbeStv. 
h. m. s. ° 9 

16 41 30 26 13 

45 10 25 14 

48 25 24 29 

54 30 22 47 

59 13 21 17 


h. m. i. oi» 

Apparent time at ship ...16 49 45 Star’s obs. altitude 24 0 0 


Longitude in time (XIX) 3 43 OW.Dip of horizon...... — 4 17 

Apparent time at Greenw. 20 32 45 23 55 43 

Equation of time, Jan. 6... 4 - 6 0 Refraction . — 2 8 


Mean time at Greenwich 20 38 45 Star’s true altitude 23 53 35 


5)248 48 120 0 
16 49 45 24 0 


h. m. s. 

Gun’s R. Ascen., Jan. 5...19 3 0 
Carr, for20h.39m *(XXI I). -f* 3 47 


m. s> 

Equation of time, Jan.5 5 34 
Cor. for 20h. 39m. (LI) + 23 


Sun’s ILA. at Green, time 19 6 47 


Eq. for Greenw. time... 5 51 


Star’s Tight ascension, 1834. (XIII)y 30 37 
Annnal variation . . + 3 


Star’s right ascension, Jan, 1835... 7 30 40 


old 

Star’s dedination, 1834. (XIII). 5 38 41 N. 


Annual variation. — 9 

Star’s declination, Jan. 1835 ... 5 38 32 K 
90 

Star’s polar distance.84 21 28 


• The time of the principal stars passing the meridian, will be found in Table XLIY. 
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METHOD L 


o / 

Star’s true altitude 23 531 



Polar distance. 

, 84 21*. 

....Co-secant 0.00211 

Latitude. 

. 18 21 . 

....Secant... 

0.02267 

Sum... 

.126 36 



Half sum. 

. 63 18 .. 

>••0 CO“Sl D6i«« 

9.65256 

Remainder. 

. 39 244. 

....Sine .. 

9.80367 


h. m. s. 



Star’s distance from meridian 

. 4 26 41 W. 

...Log....... 

9.48001 


Star’s right ascension. 7 30 40 


Right ascension of meridian ... 11 57 21 
24 


35 57 21 

Sim's right ascension... 19 6 47 


Apparent time at ship . 16 50 34..... 

Equation of time . -j- 5 56 Time by watch. 


Mean time at ship. 16 56 30 Watch slow for apparent time 0 49 

Time by watch ... 16 49 45 - . — 


Watch tlow for mean time ... 6 45 


h. m. 8. 
16 50 34 
16 49 45 


EXAMPLE II. 


April 22, 1835, in latitude 42° 14 7 N., when a chronometer, which was 
5m. 168. too fast for Greenwich mean time, shewed 9h. 8m. 46s., the 
observed altitude of the star Arcturus, eastward of the meridian, was 
36° 54>; the error of the instrument being + S' 0", and the height of the 
observer's eye 24 feet: required the apparent and mean time at ship, and 
thence the error of the chronometer. 


h. m. s. 


Mean time by chronometer 9 8 46 
Chronometer too fast . — 5 16 

Mean time at Greenwich... 9 3 30 
o * 

Star's observed altitude. 36 54 

lodes error .. + 3 

36 57 

Correction Table XV. — 6 

Star’s true altitude. 36 51 

m. s. 


Equation of time, April 22 ... 1 29 
Correction for 9h.3m. (LI).... -f 3 


Equation at Greenwich time... 1 34 


Sun’s right ascension, April 22. 

Correction for 9h. 3m. (XXII).. 

h. m. s. 

1 57 49 
+ l 24 , 

Sun’s R. Ascen. at Greenw. mean time 

1 69 13 

h. m. s. 

Star’s right ascens., Jan. 1834 (XIII.) 14 8 6 
Ann. variation + 2*. 73 x 1 1 =. + 4 

Star’s right ascension, April 1835....~ 

14 8 10 


o / // 

Star’s declination, Jan. 1834 (XIII.)... 
Ann. variation — 18". 96 X li = ... 

20 3 2 N. 
- 25 

Star's declination, April 1835 . 

20 2 37 N. 
90 


Star’s polar distance .. 69 57 23 


H h 2 
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METHOD I. 

o t 

Star’s true altitude 36 51 


Polar distance. 

Latitude .. 

, 69 57 .... 
42 14 .... 



Sum.. 

Half-sum.. 

Remainder .. 

.149 2 

74 31 ..... 
37 40 . 

h m m 


9.42644 
9.78609 


Star’s distance from meridian. 
Star’s right ascension .. 

3 51 44 E.Log.. 

14 8 10 

9.87021 


Right ascension of meridian ... 
Sun’s right ascension . 

10 16 26 

1 59 13 


* 

h. m. a 

Apparent time at ship . 

Equation of time . 

8 17 13.. 
- 1 34 

Time by chronometer.. 


Mean time at ship. 8 15 39 Chronom.,/fert for apparent time.. 51 31 

Time by chronometer . 9 8 46 — 

Chronom./orf for mean time... 53 7 


To find the apparent and mean Time at Ship , or Place of Observation , 
and thence the Error of the Watch or Chronometer , by an 
Altitude of a Planet. 

Rules. — 1 . With the estimated longitude and apparent time at ship, or 
by a chronometer, find the mean time at Greenwich by the Rule in 
Rage 230. 

2. From the observed altitude of the planet, subtract the dip (V.) and 
refraction (IV.), and to the remainder add the parallax in altitude 
(XLVIII.): the result will be the true altitude of the planet. 

3. Take the sun's right ascension from Page II. of the Nautical Almanac, 
for the preceding noon, and reduce it to the mean time at Greenwich 
(XXII. or XXXIII.) 

4* Reduce the right ascension and declination of the planet, taken from 
the Nautical Almanac, to the mean time at Greenwich. (See Note at 
the top of Page 185.) 

5. Take the equation of time from Page I. of the Nautical Almanac, 
and reduce it to Greenwich mean time (LI.) 

6. Proceed as with the sun, by either of the methods given in Pages 230, 
231, to find the planet's meridian distance, and thence compute the apparent 
and mean time at ship, as directed by the Rules for a Star, in Page 234* 

EXAMPLE I. 

January 10,1835, in latitude 22° lG'N., and longitude by account 34°W., 
at 0h. 10m. P. M., apparent time by watch, the altitude of the centre of 
the planet Jupiter was observed to be 55° KV 45" east of the meridian, the 
heignt of the observer s eye being 18 feet: required the apparent and mean 
time at the ship, and from thence the error of the watch. 
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fa. It). 

App. time at ship.... 6 10 
Leagitude im time W. 2 16 

App. time at Green*.. 8 26 
Equation of time .... -f- 8 

Nan time at Green*. 8 34 


J upiter’s obeerred alt. 36 10 45 
Dip of horizon. — 4 4 


Refraction 


55 6 41 
- 40 


55 6 1 

Par. in alt (XL VIII) 4" 1 

Jupiter's true altitude 55 6 2 


h. m. a. 

gun’s R. A-, Jam 10.... 19 24 52 
Cor. for 8h.Mm. (XXII.) + 134 


Son’s R. A. at Green.time 19 26 26 


m. a. 

Equation of time, Jan. 10 .. 7 43 
Cori for 8h. 34m. (LI.) .... 4“ ® 

Equation at Greenwich time 7 52 


h. m. s. 

Jupiter's R.A., Jan.10 .. 4 0 39 (p.323N.A.) 
Ditto Jan. 11 .. 4 0 25 


Variation in 24 hours .. 0 14 Log. 2 0122 

Greenwich time. Sh. 34m. Log. 4474 

Variation in Sh. 34m. .. — 0 5 Log. 2> 4596 

4 •» 


O f K 

Jupiter's dec., Jan.10 . .19 53 15 N.(p423N.A.) 
Ditto, Jamil ..19 52 52 N. 

Variation in 24 hours... 0 23 Log. 1.7966 

Greenwich tone .Sh. 34m. Log. • 4474 

o / 1/ ' 

Variation in 8h. 34m... — 0 8 Log. % 2440 
JO . P :'!i. d ^L J “- 10 ’h9 S3 15 N. 


Ditto at Greenwich time 4 0 34 Ditto at Greenwich time 19 53 7 N. 

- 90 


Jupiter's polar distance 70 6 53 


o t 

Jupiter’s true altitude .. 55 6 

" ■ '■ - polar distance.. 70 7 .Co-eecant 0. 02669 

Latitude.22 16.Secant .. 0. 03366 


Sum....147 29 

Half-eum. 73 44).Co-sine.. 9.44711 

Remainder. 18 38).Sine_0- 50467 

h. m. s. ■ ■ 

Jupiter’s meridian distance . 2 29 38 E... .Log. .... 9.01213 

— - ■ right ascension . 4 034 


Right ascension of meridian. 1 30 56 

24 


25 30 66 

Sun’s right ascension. 19 26 26 


Apparent time at ship . 6 4 30. 6 4 30 

Equation of time . + 7 52 Time by watch. 6 10 0 


Mean time at ship. 6 12 22 Watch/art for apparent time.... 6 30 

Time by watch . 6 10 0 ■ — 

Watch daw for mean time. 2 22 


EXAMPLE II. 

December 27,1885, in latitude 10° 12' S., when a chronometer, which 
was 2m. 16s. too slow for Greenwich mean time, shewed 6h. 49 m. 12s. P.M., 
die observed altitude of the centre of the planet Venus, westward of the 
meridian, was 11° 26' 15", the error of the instrument being — 2' 45", and 
the height of the observer's eye 24 feet: required the apparent and mean 
time at the ship, and thence the error of the chronometer for the meridian of 
the place of observation. 
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h* m. s. o f ft 

Mean time by chron. 6 49 12 Venus's obs. altitude. 11 26 15 
Ghronom. too slow • -f- 2 16 Index error. — 2 45 


Mean time at Green. 6 51 28 11 23 30 

— ■ ■ 11 Dip of horizon. — 4 42 


„ . 11 18 48 

Retraction . — 4 40 


11 14 8 

Par. bait (XLVIII) 4 . 5 


h. os a. 

Sun’s R. A., JDec. 27 ., 18 22 9 
Cor. for 6h.5lm.(XXII.) + 1 16 


Sun’s R. A.at Groan, time 18 22 25 


Equation of time, Dec. 27.. 1 90 
Cor. for 6h. 51m. (LI.).... + 8.6 


Eq. at Greenwich time.... 1,17.6 


Venus's true altitude. 11 14 IS 


b. m. s. 

Venus’s R. A., Dec. 27.. 19 51 19 (p.290N.A.) 
Ditto Dec. 28.. 10 56 39 


o t if 

Venus's dec., Dec. 27.. 22 29 45 S.(pw290N.A) 
Ditto Dec. 28.. 22 16 8d& 


Variation in 24 hours- 5 20 Log. .6532 

Greenwich mean time-6h. 51m. Log. *5445 

Variation in 6h. 51m. . 

Venus's R. A., Dec. 27, 

at 


+ 1 31 Log. 1.1977 
110 51 19 


Variation b 24 hours .. IS 9 Log. .2611 
Greenwich mean time .. 6h. 51m. Log. .5446 
o / #r - 


Variation in 6h. 51m. .. 
Venus's dec., Dec. 27, \ 
at mean noon .... j 


- S 45 Log. .8058 
22 29 45 S. 


Ditto at Greenwich time . 19 52 50 


Ditto at Greenwich time 22 26 OS. 

90 


0 , Venus's polar distance.. 67 34 0 

Venus’s true altitude.... 11 14 ~ 

- polar distance .. 67 34 .Co-secant 0.03418 

Latitude . 10 12.Secant .. 0. 00692 


Sum. 89 0 

Half-sum. 44 30 .Co-sine.. 9.85324 

Remainder.33 16.Sine_ 9.73921 

h. m. s. ■ ■ . . 

Venus’s meridian distance. 5 27 51 W... Log..... 9.63355 

— right ascension. 19 52 50 


R. ascension of meridian 4 - 24 hrs. 25 20 41 

Sun's right ascension. 18 23 25 

' h. tsu a. 

Apparent time at ship . 6 57 16. 6 57 16 

Equation of time. 4-118 Time by chronometer . 6 49 12 


Mean time at ship. 6 58 34 Chron. alow for apparent time.... 8 4 

Time by chronometer. 6 49 12 __ 


Chronometer slots for mean time .. 9 22 


To find the apparent and mean Time at Ship , or Place of Observation , 
and thence the Error of the Watch or Chronometer , by 
an Altitude of the Moon. 

Rule8. 1 . With the estimated longitude and apparent time at ship, 
or by a chronometer, find the mean time at Greenwich by the Rules m 
Page 230. 

2. From the observed altitude of the moon's upper or lower limb, com¬ 
pute the true altitude of the moon's centre by the Rules in Pages 186, 187. 

8. From Page II. of the month in the Nautical Almanac, take out the 
aun's right ascension, and reduce it to Greenwich mean time (XXII. or 
XXXIII.) 
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4. From Pages V. to XII. of the Nautical Almanac, take out the moon's 
right ascension and declination, for the given day and hour at Greenwich, 
and reduce them to Greenwich mean time (XLVII.) 

5. Take the equation of time from Page I. of the Nautical Almanac, 
and reduce it to Greenwich mean time (LI.) 

6. Proceed as with the bud, by either of the methods given in Pages £30, 
£31, to find the moon's meridian distance, and thence compute the apparent 
and mean time at ship, as directed by the Rules for a Star, in Page £34. 


EXAMPLE I. 


August 31,1835, in latitude 35°41£'S. and longitude by account 6£°30'E. 
at Ih. 54m. 30s. P. M., apparent time by watch, the observed altitude of 
the moon's upper limb, east of the meridian, was 34° 33' 35", the instru¬ 
ment being adjusted, and the height of the observer's eye 16 feet: required 
the apparent and mean time at the ship, and thence the error of the watch. 




□gust 31 


h. m. s. o • ft h. m. s. 

1 34 30 Obs.alt.})’sop. limb 34 33 35 Sun's R. A., Aug. 30 .. 10 32 28 

Dip of horizon.... — 3 50 Cor.for21h.45m.QCXH) -f* 2 18 


Longitude in time E. 


App. time mt Green- \ 
wich, August 30. J 
Equation of time.... 


34 29 45 Sun’sR.A.atGreenw.tiine 10 35 40 

10 16 j n pgg£ m. of Aug. in the N.A., 

Q1 ^ - the 3) r s semidiameter on the 30th, 

41 44 30 aioon’a app. alt... 34 13 29 at 22h. is Iff 7", and horizontal 
-f- 20 Moon’s cor. (XXX) -f- 47 30 parallax 51/ ff'. 


4 10 0 


Augment. 4“ 9 


Mean time at Greenw. 21 44 50 Moon’s true alt. .. 35 0 59 


o t tt 


h. m. s. 

y» R. A, Aug. SO, at21h. 16 40 l(p.XII.N.A.) 
Ditto, at22h. 16 42 30 


Variation in 1 hoar .... 2 29 Log. 1.3831 

Greenwich time after 21 h. 44m. 60s. Log. .1266 
h. m. s. " 

Variation in 44m- 50s. .. + 1 51 Log. 1.5097 
)’s R. A~, Aug.30, at21h. 16 40 1 


Ditto at Greenwich time . 16 41 52 


}'adec.Aug.30,at21h. 22 54 4lS.<p.XILN.AJ 
Ditto, at22h. 23 2 26 S. 


Variation in lhour.... 7 45 Log. .8888 . 

Greenwich time afL21h. 44m. 50a. Log. .1266 

o t tt _ 

Variation in 44m. 50s. . 4 - 5 47 Log. L0154 
}’s dec. Aug. 30, at 21h. 22 54 41 & 


Ditto at Greenw. time .23 0 28 S. 

90 


^ gv Moon's polar distance. 66 59 32 

Eq. of time, Ang.30, 0 38 Moon's tree altitude. 85° V 


Eq. at Greenw. time 0 21 


5 66 59}. 

35 4l|. 

. .Co-secant 0.03600 

. .Secant . 

. 0.09035 

137 42 

68 51 . 

. .Co-sine. 

. 9156728 

S3 50 . 

h. m. s. 

. .Sine ... 

. 9.74568 

4 9 48 E.. 
16 41 52 

..Log.... 

. 9.42981 


Right ascension of meridian. 12 32 4 

Son’s right ascension. 10 35 46 

Apparent time at ship . 1 56 18. 

Equation of time. 4-21 Time by watch 


h. m. s. 
1 56 IS 
1 54 30 


Mean time at ship. 156 39 Watch flow hr app. time 1 48 

Time by watch . 1 54 30 - 


Watch dow for mean time 


2 0 
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EXAMPLE n. 


October 13,1835, (civil time,) in latitude S' N., when a chronometer 
which was 2m. 26s. too fast for Greenwich mean time, shewed lOh. 54m. 14a. 
A. M., the altitude of the moon’s upper limb was observed to be 40? 23'*)' 
west of the meridian, the error of the instrument being — if 45", and the 
height of the observer’s eye 18 feet: required the apparent and mean time 
at the ship, and the error of the chronometer for the meridian of the pise* d 
observation- 


Chronometer too fact. — 2 26 


Mean time at Green. 1 ^ .. Aa 
wich,OoCH....J a51 48 


Rq. of time, Oct-12 .. 13 19.9 
Cor. for Sail. (LI.).... ■+- 14.2 


Bq. at Greenwiefa time 18 84.1 


o t ft 

Obs.alt.yt up. limb 40 23 20 
Index error. — 2 45 


40 20 85 

Dip of horisoo.... — 4 4 


ystemid. 14'50" 
Augment, -f 10 


40 16 81 
J-- 15 0 


Moon's app* alt... 40 1 31 
Moon's oor. (XXX) 40 33 


h. n. s. 

Son's H. A., Oct 12 .. 13 8 * 

Cor.for22h.52m-(XXII) *+■ S 30 
8«m'sR.AjitGreen».tims U 11 8 


-In page HI of Oct in the N. A, 
the mb semidiameter, on the 12th 
at 23h-, is 14 50", and hows* 
parallax 54' 26". 


Moon's true alt... 40 42 4 


h. m. s. 

y* R. A., Oct 12, at 22h. 6 12 21 (p. VII.N.A.) 
Ditto, at 23h. 6 14 84 


Variation in 1 hour .... 2 13 Log. 1.4325 

Greener, time after 22 hrs. 51m. 48s. Log. 4)638 
h. m« s. 

Variation in Sink 48s. .. -f- 1 55 Log. 14968 
J)*s R. A^ Oct 12, at 22h. 6 12 21 


Ditto at Greenwich time.. 6 14 16 


o t 

Moon's true altitude .... 40 42 

Moon's polar distance .. 68 43 

Latitude.48 8 


of)/ H|| 

>'s dec. Oct. 12, at 22h. 26 15 26 N. {$ iv' 
Ditto, at 23h. 26 17 0 N. 1 

Variation in 1 hour .... 1 84 Log* 1*®® 

Greenw. time after 22h. 51m. 48s. Log. >0® 

° t • ~~ 

Variation in 51m. 48s... -f- 1 21 Log* 1*6® 
y& dec. Oct 12, at 22h. 26 15 26 N. 


Ditto at Greenwich time. 26 16 47 N. 

90 


Moon's polar distance .. 68 48 18 


Co-secant 0. 04739 
.Secant .. 0.17491 


Sum.152 28 

Half-sum.76 14.Cosine.. 9.37652 

Remainder. 35 82 ..Sine .... 9» 76431 

h. m. s. — 

Moon’s meridian distance. 3 49 40 W.. .Lag..... 9. 86318 

Moon's right ascension. 6 14 16 


Right ascension of meridian 24h. 34 3 56 

Sun's right ascension. 13 11 82 

- n. m. s> 

Apparent time at ship . 20 52 24* • • < ••••••• . 22 2 u 

Equation of time... - 18 84 Tune by chronometer. 23 54 14 

Mean time at ship. 20 38 50 Chron./ost for apparent time.... 2 1 M 

’ Time by chronometer. 22 54 14 ^ 


Chronometer fast for mean time .. 2 15 24 
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Tofind the Error of a Watch or Chronometer by equal Altitudes of the Sun . 

Rules.— 1 . In the morning, when the sun is nearly east, or when it is 
not less than two or three hours distant from the meridian, take several 
altitudes of the upper or lower limb, and note the corresponding times that 
are shewn by the watch or chronometer since the preceding noon. In the 
afternoon observe when the sun's limb has the same altitude, and note down 
the times opposite the respective altitudes, reckoning the times of the after¬ 
noon altitudes from noon of the same date as those taken in the morning. 

2. Add together the means of the times at each set of observations; half 
their sum will be the middle time between the observations, or approximate 
time by the watch, when the sun is on the meridian; their difference will be 
the interval of time. 

3. Find the equation of equal altitudes, as directed in the Explanation to 
Table LII., and apply it to the middle time ; the result will be the time 
shewn by the watch at apparent noon, or when the sun is on the meridian 
at the given place: the difference between that time and 24 hours will be 
the error of the watch for apparent time. 

4. To find the error of the watch for mean time, apply the equation of 
time (taken from Page I of the Nautical Almanac, and reduced to Green¬ 
wich time by Table LI.) to 24 hours, by addition or subtraction, as directed 
at the head of the column from whence it is taken, and the sum or remainder 
will be the mean time when it is apparent noon at the place of observation; 
the difference between which and the time by the watch at apparent noon, 
will be its error for mean time. 

Note. This method of finding the error of a watch or chronometer, and 
thereby regulating its going, is well adapted for practice on shore, whore 
the altitudes may be taken with a sextant by means of an artificial horizon,* 
and the corresponding times found with great exactness; and it is recom¬ 
mended, in observing, to fix the index of the sextant to some particular 
division, and wait till the contact of the images take place. 

EXAMPLE I. 

July 22, 1835, (civil time), at Edinburgh, in latitude 55° N., and 

longitude 3° KV W., the following observations were made at equal altitudes 
of the sun’s lower limb: required the error of the watch for apparent and 
mean time at Edinburgh. 


UtLSatfiLL 

Times A.M. 

Tiroes P.M. 



o 

/ 

h. m. s. 

h. m. s. 


O t It 

35 

10. 

,....20 8 20... 

.27 43 42 

Sun*s decl. July 21, (P.II. N. A.) 

20 35 36 N. 

35 

20. 

9 29... 

. 42 35 

Ditto, J uly 23. 

20 12 4 N. 

35 

30. 

. 10 37... 

. 41 24 






Change in two days. 

23 32 



3) 28 26 

127 41 

= 

: 1412" 

Means ... 

... 20 9 29 

27 42 34 

Son’s deck July22, (P.II. N.A.) 

20° 24'N. 



27 42 34 

20 9 29 

90 

Interval... 

... 7 33 5 

2)47 52 3 

Sun's polar distance. 

69 36 


Middle time... 23 56 I 


• For a description of the several kinds of artificial horizons, and the method of taking 
dtitudes with them, see page 223. 


I I 
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Interval. 7h. 33m. Log. A. 7.7978.Log. B. 7.3888 

Ch. in 2 days 1412" Log. ... 3.1498. 8.1498 


Latitude-55° 58' Tang. 0.1705 PolarDist. 69°36 / Co-tan. 9.5704 


First part + 13«.13 Log. ... 1.1181 Second part - 1*81 Log. 0.2685 
Seoond part — 1.81 


•4* 11 *82 Equation of equal altitudes. 


Time at Edinburgh, July 22. 

Longitude in time ... 

h. m. s. 

0 0 0 

12 40 W. 

m. 

Equation of time, July 22... «f 6 
Corn for Greenwich time (LI.) 

s. 

8.4 

0.6 

Time at Greenwich. 

0 12 40 

Equation at Greenwich time -f» 6 

8.4 

Middle time by watch. 

Equation of equal altitudes...... 

Time by watch at apparent noon ... 

h. m. s. 

23 56 1 

+ 11 

23 56 12. 

h. m. e. 

. m m is? 

24 



Watch slow for apparent time 

3 48 




Mean time at apparent noon = 24h. 4 - Equation of time 8 m. 3s. =24 6 8 
Watdh dm for mean time at Edinburgh..... 9 51 


EXAMPLE II. 


April 10, 1835, (civil time), at Bombay, in latitude 18?56 / N., and 
longitude 72° 54/ E., the following equal altitudes of the sun's lower limb 
were observed, with the corresponding times by a chronometer : required 
the error of the chronometer for apparent and mean time at Bombay. 


Alts.StartL.L. Tlmtsby ChraA.M. Times by ChxoJMC. 


0 ' h. m. s. h. m s. o / # 

29 0.15 1 54.23 18 12 Sun’s decL April9 t (P.II.N.A.) 7 24 58 N. 

29 5. 2 16. 17 49 Ditto. April 11. 8 9 19 N. 

29 15. 3 8 . 17 l - 

29 2Q. 3 24. 16 41 Change in two days.. 44 28 

- - = 2666" 

4) 10 37 69 43 - 


Means .15 2 89 23 17 26 Sun’s decLApril 10,(P.II.N.A.) 7 47 N. 


23 17 26 15 2 39 90 

Interval.. 8 14 47 2)38 20 5 Sun’s polar distance. 82 13 

Middle time... 19 10 2 


Interval. 8 h. 15m. Log. A. 7.8126.Log. B. 7.4860 

Ch. in 2 days 2666" Log. ... 3.4259... 8.4259 


Latitude. 18° 56' Tang.... 9.5353 PolarDist.82° 13'Co-tan. 9.1357 

First part...— 5s94 Log. ... 0.7738 Second part 4 - ls.12 Log. 0.0476 
Second part + l .12 - 


— 4.82 Equation of equal altitudes. 
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Tims at Bombay, April 9. 

Longitude in time . 

h. in. s. 

34 0 0 

4 51 36 E. 

m. s. 

Equation of time, April 9... + 1 44.8 
Corr. for 19h. 8m. (LI).. — 13.5 

Time at Greenwich. . . 

19 8 34 

Equation at Greenwich time + 1 81.8 

Middle time by chronometer. 

Equation of equal altitudes . 

h. m. s. 

19 10 3 
- 5 

h. m. s. 

Time by chronometer at app. noon . 

19 9 57. 

34 

Chron. dow for app. time at Bombay 

4 50 3 



Mean time at apparent noon = 94h. + Equation of time lm. 81s. = 34 1 81 


Chronometer daw for mean time at Bombay.. 4 5! 34 


EXAMPLE FOR EXERCISE. 

February 28,1835, (civil time), at Funchal, in latitude 32P 87' 42" N., 
and longitude 16° 55' 30" W., the mean of several times taken in the 
morning, shewn by a chronometer, was 9h. 24m. 8s., and the mean of the 
times corresponding to the same altitudes of the sun's lower limb, taken in 
the afternoon, was 5h. 13m. 40s.: required the error of the chronometer 
for apparent and mean time, at the meridian of Funchal. 

Answer. The chronometer is lh. 18m. 42s. fast for apparent time, and 
lh. 5m. Os. fast for mean time, at Funchal. 


ON FINDING THE LONGITUDE BY CHRONOMETERS. 

It has already been observed, that if a chronometer could be made to 
shew always precisely the mean time at Greenwich, or any other given 
meridian, the longitude of a place, from that meridian, might be easily com¬ 
puted, by comparing the time shewn by the chronometer with that at the 
jfiven place; but it is hardly to be expected that such a complicated machine 
an perform so accurately, as never to deviate from the time at the meridian 
o which it is set: nor indeed is this absolutely necessary; for if its error at 
he given meridian be known on a certain day, and also its rate (which is its 
lailv gun or loss in 24 hours of mean time), we can thence deduce the time 
it that meridian as well as if the hands of the chronometer actually pointed 
t out, provided that it go uniformly, which is all that is essential in the 
notion of a chronometer. In order, therefore, to obtain these particulars, 
t is usual for the maker, or person to whose care the machine is entrusted, 
o examine its error every day, by comparing it with a well-regulated astro- 
lomical clock; these errors being then set down in a book kept by him for the 
>urpo8e, the daily differences shew its rate, and the regularity of its motion. 
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If the errors or daily differences continue the same, the chronometer is said 
to have no rate, and is keeping mean time exactly. Should the chronometer 
be too fast, and the error increasing, it is gaining on mean time; but if the 
error be decreasing, it is then losing: on the contrary, when the chronometer 
is too slow, and tne error increasing, it is losing on mean time; but if the 
error be decreasing, it is gaining. The rate and error of a chronometer 
may likewise be ascertained by altitudes of the sun, as will be shewn here¬ 
after. For instance, suppose on a certain day a chronometer was found, 
by altitudes of the sun, to be 5h. 30m. 10s. too fast for mean time, at the 
meridian of Madras; and that by observations, taken ten days afterwards, 
it was 5h. 30m. 40s. too fast, at the same meridian; I thence find that it 
has gained 30 seconds in 10 days, and conclude that its daily gain is 3 seconds. 
Again, suppose on August 13th, a chronometer was 12m. 10s. too fast for 
mean time at Greenwich; but by observations, taken on August 28th, it 
was found to be 10m. 40s. too fast for mean time at the same place; here 
it appears that the chronometer has lost lm. 30s. or 90 seconds in 15 days, 
and consequently is losing 6 seconds daily. Observations of this kind should 
be repeated and compared together as often as convenient, in order to find 
the rate the chronometer has gone at between every two such observations, 
by which the regularity of its going will be proved. Having by these means 
established its rate and error at the meridian of the place of observation, 
the longitude of a ship on her voyage may be found by the following 

Rules. — 1. Take several altitudes of the sun, or other celestial object, 
when it bears as nearly east or west as possible, but always at least three 
hours distant from the meridian, and note the times by a chronometer when 
they are observed, of which take the means. 

2. To the mean of the times apply the original error , that is, add what 
the chronometer was too slow', or subtract what it was too fast, for mean 
time on a given day, at the meridian of the place where the rate was ascer¬ 
tained : the sum or remainder will be the mean time by chronometer, cor¬ 
rected for the original error. 

3. Multiply the daily rate by the number of days and parts of a day 
that have elapsed since the original error was determined; the product, 
which may be called the accumulated rate , being added to the above sum or 
remainder, if the chronometer be losing, or subtracted from it if gaining, 
the result will give the mean time at the meridian where the rate and 
original error were ascertained. Should the meridian not be that of Green¬ 
wich, then add the longitude of the place in time, if it be west, or subtract 
it, if east; and the sum or remainder will be the corresponding mean time at 
Greenwich by chronometer. 

4. With the latitude of the place of observation, the true altitude of the 
sun or other celestial object, and the reduced declination, find the mean 
time at the place of observation, as directed by the Rules in Pages 230, 
2S3, 236, or 238; the difference between which, and the mean time at 
Greenwich, obtained by the chronometer, will give the longitude; east, 
if the time at the ship be greater, or west, if it be less, than the time at 
Greenwich. 
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EXAMPLE I. 

May 19, 1835, P. M., in latitude 42° 15' N., the following altitudes of 
the sun's lower limb were observed, with the corresponding times by a chro¬ 
nometer (being P. M. at Greenwich), whose daily gain had been settled at 
noon, March 17, at 7.8s., when it was lm. 18s. too fast for mean time at 
Greenwich; the instrument having no index error, and the height of the 
observer's eye being 26 feet above the sea: required the true longitude of 
the ship. 


Thna by Chro. Alt*. ©*» LX. 


h. 

m. 

s. 

0 t 


0 

/ 

it 

6 

58 

40 

44 7 

Obs. alt. sun’s L. L.... 

43 

45 

0 

6 

59 

36 

43 57 

Dip of horizon. 

— 

4 

52 

7 

0 

51 

43 44 

— 

— 

— 

7 

2 

12 

43 33 


43 

40 

8 

7 

3 

21 

43 24 

Sun’s corr. (XVIII)... 

— 


53 

5)35 

4 

40 

218 45 


43 

39 

15 

_ 

__ 


Sun’s semidiameter ... 

+ 

15 

49 

T 

0 

56 

43 45 



— 

— 

— 

1 

18 Original err. 

Sun’s true altitude ... 

43 

55 

4 

6 

59 

38 






— 

8 

14 Accumulated 

rate. 





B. 

Daily nun . 7.8 

Days from March 17 ) 
to May 19 .) 


83 


234 

468 


60)491.4 


Gain in 63 days Sm. 11.4s. 
Ditto in 7 hours -f- 2.3 


Accumulated rate 8m. 13.7a. 


6 51 24 Mean time at Greenwich, 

- May 19. 

m. 8. © ' " 

Equation of time, May 19.. 3 51.8 Sun’s declin. May 19 (P. II, N.A.)... 19 40 29 N. 

Corr. for 6h. 51m. (LI.) ... — 0.9 Correction for 6n. 51m. (XXI.). + 3 44 * 


Eq.at Greenwich time..3 50.9 Sun’s declination at Greenwich time 19 44 13 N. 

- 90 


Sun’s polar distance. 70 15 47 


o / 


Sun’s true altitude. 

Polar distance. 

Latitude. 

43 55 

70 16 . 

42 15 . 

...Cosecant 0.02628 
...Secant... V. 13064 

Sum. 

Half-sum. 

Remainder. 

156 26 

78 13 . 

34 18 . 

...Co-sine... 
...Sine. 

9.31008 

9.75091 

Apparent time at ship. 
Equation of time. 

.. 8 11 50... 
- 3 51 

-Los* . 

9.21791 


Mean time at ship . 8 7 59 May 19. 

Mean time at Greenwich 6 51 24 May 19. 


Longitude in time .’ 3 43 25 = 55° 5V 15* West. 


• Or the diff. for 1 hour , 32". 15, taken from Page I. of the N. being multiplied by 7 
(the hours of mean time nearly, at Greenwich) will give 225". 05 = 9 f 45" for the correction 
of the declination. 
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EXAMPLE II. 

April **, 1835, a chronometer was *h. 81m. 45s. too fast for mean time 
at Greenwich, and was gaining 2. Is. per day. 

June *4, 1835, (June *5, A. M. civil time), in latitude 10° S' 30" S., 
the following altitudes of the sun's lower limb were observed, with the cor¬ 
responding times by the same chronometer (being A. M. at Greenwich), 
the height of the observer's eye above the sea being *0 feet, and the error 
of the sextant 1' SO" to add: required the true longitude of the ship. 


Timas by Quo. Alts. 0’s L*L. 


h. m. s. 

o t 


O t H 


K 

23 28 35 

10 7 

Obs. alt. suu's L. L.... 

10 36 48 

Daily gain . 

.2.1 

29 20 

10 17 

Index error . 

+ 1 30 

Days from April 22) M 

30 48 

10 82 



to June 24 .... 

./ ” 

32 6 

10 54 


10 38 18 



33 24 

11 14 

Dip of horison. 

- 4 17 


63 

10ft 

5) 154 13 

53 4 


10 34 1 





Sun's corr. (XVIII.). 

- 4 50 


60)182.3 

23 30 51 

10 36 48 





2 31 45 Original error. 


10 29 11 

Gain in 63 days 

... 2 12.3 



Sun's semidiameter ... 

+ 15 45 

Do. in 20h. 59m. 

= + 1.8 

20 59 6 






— 2 14 Accum. rate. 

Sun's true altitude ... 

10 44 56 

Accumulated rate... 2 14.1 


SO 56 52 Mean time at Greenwich, June 24. 


m. s. o * » 

Equation of time, June 24... 1 52.0 Sun*s dedin. June 24, (P. II. N. A.)... 28 26 86 N. 

Corr. for 20b. 57m. (LI.) ... + 11.4 Diff.for lh.,2".88 x 21h. = 60".48 = - 1 0 

Equation at Greenwich time.. 2 3.4 Sun’s declination at Greenwich time... 23 25 86 N. 

- 90 

Sun's polar distance.....•••...113 25 36 


o / 


Sun's true altitude. 

Polar distance.. 

Latitude. 

. 10 45 

.113 254. 

. 10 34. 

...Co-secant 0.03786 
...Secant... 0.00678 

Sum.. 

Half-sum. 

Remainder . 

.134 14 

. 67 7 . 

. 56 22 . 

...Co-dne.. 
...Sine. 

9.58979 

9.92044 

Time from noon. 

. 4 54 11... 
24 

-W- . 

9.55432 

Apparent time at ship.. 
Equation of time. 

. 19 5 49 
.+ 23 



Mean time at ship. 

.19 7 59 June 24. 



Mean time at Greenw.. 20 56 52 June 24. 


Longitude in time 


1 49 0 = 27° 15 # West. 
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EXAMPLE IV. 

' April #6, 1885, A. M. (civil time), in latitude 27° SO 7 S., the observed 
altitude of the sun’s upper limb was 18° 42'50", when a timekeeper 
sheared 2h. 12m. 60s. (being P. M. at Greenwich), which at noon, April 2. 
was lh. 10m. 15s. too fast for mean time at Greenwich, and was losing 
4 . 8s. per day; the error of the sextant bang + 40", and the height of 

the observers eye 80 feet: required the true longitude of the ship. 


h. m. s. o ' " s. 

Time bychron....... 2 12 50 Obs. alt. sun’s U.L. 18 42 50 Daily loss . - 4.3 


- - to April 25.J M 

l 2 35 18 45 30 - 

Accumulated rate. + 1 39 Dip of horizon ... — 5 15 129 

- - 86 

Mean time at 1 | < ii 18 40 15 - 

Greenw. Apr. 25 j Sun’scorr.(XVIII) — 2 39 60) 98.9 


- 18 37 36 Loss in 23 days ...lra.38.9s. 

Dttto,jpast noon, | ^ ^ ^ Sun’s semidiameter — 15 55 Ditto in lh. 3m. ... 4- .2 

■ Sun’s true altitude 18 21 41 Accumulated rate . Inu39. Is. 


m. s. o'" 

Equation of time, April 25, 2 3.6 Sun’s declination, April 25, (P. II. N. A.) 13 2 43 N. 
Cost, for lh.4m. (LI)..-f 0.4 Correction for lh.4m. (XXI). -f 0 53* 


Equation at Greenw. time, 2 4.0 Sun’s declination at Greenwich time. 13 3 36 N. 

- 90 


Sun’s polar distance...103 3 36 


o t u 


Sun’s true altitude. 

Polar distance...... 

Latitude .. 

. 18 21 41 
.103 3 36 .. 
. 27 20 0 .. 

....Co-secant 
....Secant... 

0.011381 

0.051416 

Sum. 

Half-sum.. 

Remainder. 

.148 45 17 
. 74 22 38 ... 
.56 0 57 .. 
h. xn. s. 

....Co-sine... 
....Sine. 

9.430241 

9.918655 

Time from noon.. 

. 4 4 14 ... 
24 

••••Log. 

9.41169. 

Apparent time at ship 
Equation of time. 

19 55 46 
.-2 4 




Mean time at ship. 19 53 42 April 24. 

Mean time at Greenw. 25 * 4 14 April 24. 


Longitude in time. 5 10 32 = 77° 38' West. 


* Or the dxff. for 1 hour, 48". 85, may be taken for the correction. 
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EXAMPLE V. 

January 27,1835, P. M., in latitude 6° 58 ; N., the following altitudes of 
the sun's lower limb were observed, corresponding to the times shewn by a 
chronometer (originally set to Greenwich mean time, where it was A. M. 
at the time of observation), whose error and rate were settled at Bombay, 
in longitude 729 54/ 24" E. on January 16th, having on that day, at 
noon, been 5h. 17m. 42s. too slow, and losing 5.4s. daily; the height of 
the observer's eye being 18 feet, and the instrument having no index error: 
required the true longitude of the ship. 


Timas by Chron. Alt. Sun’s L. L. 

h. m. a. ° ' ° ' " •. 

S3 4 26 18 42 Obs. alt. sun’s L. L. 18 11 40 Daily lots. 5.4 

7 17 18 12 Dip of horizon ... — 4 4 Days from Jan. 16) .. 

9 30 17 41 - to Jan. 27 .J 11 

- - 18 7 36 - 

3) 21 13 54 35 Sun’s corr.lXVIll) - 2 45 Loss in 10 days...59.4 

- - - Ditto in 4h. 25m.... ■+• 0.9 

S3 7 4 18 11 40 18 4 51 -:-S 

5 17 42 Original error. Sun’s semidiam.... + 16 16 60) 60.8 


SS 24 46 Sun’s true altitude 18 21 7 Accumulated rate . lm.0.3s, 

1 0 Accumulated rate. 90 - 

88 85 46 / tfane » t l Botx 2*T* Sun’s zenith dist.. 71 88 53 

( put noon. Jan. so. _ 

a ki «q / Longitude of Bombay. 

4 51 38| (in lime) E. o / » 

M o/Mesa time at Green- Sun’s declination, Jan. 26, 18 49 7 S. (P. II., N. A) 

” 34 g \ wlch.Jan.i5 Ditto, Jan. 27, 18 33 55 8. 

xn. s. Variation in 24 hrs. 15 12 Log.. 1984 (XXXIII). 

Eq. of time, Jan. 26, 12 48.3 Greenwich time . 23h.84m. Log. .0079 

CorJorS3h34m.(LI). -4- 12.8 o t // ■ ■ 

- Variation in 23h. 34m. ... - 14 55 Log.. 2063 

Eq. of Greenw. time 13 1.1 Sun’s declination, Jan. 26, 18 49 7 S- ■ ■ — - 

Ditto at Greenwich time . 18 34 12 S. 



O 9 ft 



Latitude . 

. 6 58 ON. 


0.003218 

Sun’s declination. 



0.023213 

A 

Sum . 



V 

Zenith distance .. 

. 71 38 53 




o 

t tt 

60 

Sum ., 

. 97 11 5 Half 48 35 S2...Sine ... 

9.875014 

Difference. 

. 46 6 41 Hfilf 23 

3 20...Sine ... 

9.592770 




99 


h. m. s. 



App. time at ship....... 



9.49438. 

Equation of time. 

. + 13 1 



Mean time at ship .... 

24 




Ditto. 28 44 45 Jan. 26. 

Mean time at Greenwich... 23 34 8 Jan. 26. 

Longitude in time . 5 10 37 = 77° 39* 15" E. 

Kk 
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EXAMPLE VI. 


May 28,1835, P. M., in latitude 0° 474' N., the mean of several aid- 
iudes of the Star Airfare*, when eastward of the meridian, was 30° 42'30", 
the height of the observer's eye being 16 feet, and the mean of thacone- 
sponding times by a chronometer lOh. 1dm. 21s. P. M., which had been 
found, May 5, at James Town, St. Helena, in longitude 5° 45'20" W., 
Oh. 54m. 32s. too fast for mean time at noon, and gaining daily 15.4s.: 
required the true longitude of the ship. 


h. m. s. 

Time by chron.. 10 13 21 
Original error... — 54 32 


9 18 49 

Aocum, rate ... — 6 0 


o / // 

Star’s observed alt. 30 42 30 
Dip of horizon ... — 3 50 


30 38 40 

Refraction . — 1 37 


Daily gain.. 

Days from May 5 to 1 
May 28. 


15.4 

23 


60) 354.2 


Mean time at 
St. Helena... 
Long, of Ditto 
in time ...... 




Star’s true altitude 30 37 3 


h. m. s. 

Sun’sR. A., May28, 4 18 5 
Corr. for 9h. 36m.... + 137 


0’sR.A.atGr. time 4 19 42 


Gain in 23 days ...6m.54.2s. 
Gain in 9h. 19m.... + 5.9 


Accumulated rate* 6m.0.1s. 


! 9 12 49 
+ 23 1W. 


h. m. s. ° ' ' 

Star’s Rt. Ascen., Jan. 1834 (XIII) 16 19 14 Star’s dec., Jan. 1834 (XIII) . 26 3 18 S. 

Annual variation -f 3». 66 X 14 = + 0 5 Ann.variation +8".53x 14= + 0 13 


Star’s right ascension, May 1835... 16 19 19 Star’s declination. May 1835, 26 3 31S. 

- 90 


Star’s polar distance..116 3 81 


o t 


Star’s true altitude. 

Star’s polar distance. 

Latitude... 

30 37 

116 3J . 

0 474 N. 

.... Co-secant 0.04656 
.... Secant... 0.00004 


Sum... 

Half-sum. 

Remainder. 

M7 28 

73 44. 

43 7. 

.... Cosine . 9.44733 
.... Sine. 9.83473 


Star’s meridian distance... 
Star's right ascension ... 

3 39*58 E. 
16 19 19 

. Log.. 9.32866 




Right ascen. of meridian. 
6un’s right ascension ... 

12 39 21 

4 19 42 

Eq. of time. May 28, 
Corr. for 9h.36m. ... 

m. a 

3 9.3 
- 2.8 

Apparent time at ship ... 
Equation of time .. 

8 19 39 
- 3 7 

Eq. at Greenw. time • 

3 6.5 


Mean time at ship. 8 16 32 May 28. 

Mean time at Greenwich 9 35 50 May 28. 

Longitude in time. 1 19 18 = 19° 49' 80" West. 


Note. The mean time at the ship or place of observation may be com¬ 
puted by an altitude of a planet or the moon, by the rules in pages 286,233, 
which, oesng compared with the mean time at Greenwich, deduced from i 
chronometer, will give the longitude as in the preceding Examples. 
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In the last two Examples the errors of the chronometers are given for 
the places where the rates were ascertained; but as it may be more con¬ 
venient to have their errors on mean time at Greenwich, these may be 
obtained by applying the longitude in time to the mean time at the place 
of observation (subtracting in east longitude, and adding in west): the result 
will shew the mean time at Greenwich. 

Suppose (Example V.) that by an observation taken at Bombay, Janu¬ 
ary 16, 1835, the chronometer shewed at mean noon 18h. 42m. 18s.: 
required its error on Greenwich mean time. 


h. m. s. 

Mean time at Bombay (mean noon) . 24 0 0 January 15. 

Longitude of Bombay in time.... 4 51 38 E. 


Corresponding mean time at Greenwich. 19 8 22 

Mean time shewn by the chronometer . 18 42 18 


Chronometer slow for Greenwich mean time. 0 26 4 


Then to find the mean time at Greenwich when the altitude* were taken 
on January 27th, we should proceed thus: 

h. m. g. 

Mean of times by chronometer...••. 23 7 4 January 26. 

Original error for Greenwich mean time (January 16) + 26 4 

23 33 8 

Accumulated rate .... + 10 

Mean time at Greenwich when altitudes were taken... 23 34 8 


In Example VI. suppose May 5,1835, at St Helena, the chronometer 
shewed Oh. 54m. 32s., when it was mean noon at that place: required its 
error on Greenwich mean time. 

h. m. s. 


Mean time at St. Helena (mean noon) ... 0 0 0 May 5. 

Longitude of St. Helena ...... 0 28 1 W.. 


Corresponding mean time at Greenwich... 0 23 jl 

Mean lime shewn by the chronometer . 0 54 32 


Chronometer fait for Greenwich mean time ..MMM.IM 0 31 31 


Then to find Greenwich mean time when the observations were made, 
Alay 28th. 


Mean time by chronometer. 10 13 21 May 28. 

Original error for Greenwich mean time (May 6) ... — 31 31 


9 41 50 

Accumulated rate.... — 6 0 

■ » .j * 

Mean time at Greenwich whan altitudes were taken... 9 35 50 


When several chronometers are on board, the time ihm by one of 
them, with a corresponding set of altitudes, will serve to find the longitude 

K k 2 
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by them all; for this purpose the observer is to compare one of the chro¬ 
nometers with each of the others, immediately before the observations, and 
note their differences; these differences are to be applied to the mean of 
the times shewn by the above chronometer, when the altitudes are taken, 
which will give the corresponding times by each chronometer. To these 
apply their original errors and accumulated rates, and the result will be 
the several mean times at Greenwich, or other meridian to which the 
chronometers are set; the differences between which and the mean time at 
ship, deduced from the altitudes, will give the longitude according to each 
chronometer. 

It is the practice with many persons to use a good pocket-watch, having 
a hand that points out seconds, instead of noting the times by one of the 
chronometers. When this plan is adopted, the comparisons are to be made 
before the observations, as above directed, and the differences applied to 
the times shewn by the watch when the altitudes are taken. 

To ensure accuracy, it may be advisable to compare the watch with the 
chronometers immediately after the observations are made; and if the 
differences be not the same, a proportional part of the change of differences 
should be applied to those shewn before the observation. 


EXAMPLE VII. 


November 15, 1834, a chronometer, No. 156, was 5m. 13s. slow for 
mean time at Greenwich, and losing daily 6. 4s. 

January 24,1835, (January 25th A. M. civil time), in latitude 86°58'S., 
the following altitudes were observed, with the corresponding times by the 
above chronometer, which had been previously compared with Nos. 284, 
376, and 807 : required the longitude by each chronometer; also the lon¬ 
gitude brought up to noon; the ship having made 10 miles of longitude 
west between the time of observation and noon; the height of the eye being 
20 feet, and the index error of the sextant 1' to add. 


Times by chron. No. 156. Alts. Sun’s L. L. 

b. m. s. oio s. 

16 37 16.24 23 15 Daily loss of chron. No. 156, 6.4 

38 1 . 32 50 Days elapsed since Nor. 15, 70 

38 47 . 39 30 

- - 60) 446.0 

3) 114 1 95 35 - 

- ■ Loss in 70 days. Tin. 26.0b 

Means. 16 38 1 . 24 31 52 Ditto in I6h. 43m. ... -f 4.6 


Original error -|- 5 13 Index error. -f- 1 0 

16 43 14 24 32 52 

Accum. rate., -f- 7 33 Dip of horizon. — 4 17 


Accumulated rate . 7m. 32.6b 


Mean time at A7 24 28 35 Diff.inlh.,36".29x 

Greenwich/ 15 6U 47 O’scorr. (XVIII.) - 1 57 17h. = 616". 93 = 


-Sun’sdeclin.,Jan.24, 19 18 29& 

- 10 17 

Sun’s declination at \ jg g ITS* 


90 


24 26 38 Greenwich time.. ] 

Sun’s semidiameter + 16 16 

0’s true altitude... 24 42 54 Sun’s polar distance.. 70 51 48 
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True altitude ... 

Polar distance ..... 

Latitude . 

... 24 43 
.. 70 52 
.. 26 53 



Sura ... 

... 122 28 



Half-sum .. 

ItAnuuniler ... 

.. 61 14 
... 36 31 

.Sine . 9.77456 


Time from noon .. 

h. m. s. 

4 45 16 
24 



Apparent time at ship. 

Equation of time. 

19 14 44 
+ 12 80 

Equation of time, Jan. 24... 12 20.4 
Correc. for 16h. 51m. (LI.) + .9.8 

Mean time at ship . 

Mean time at Greenwich by ) 
chronometer, No. 156 ... j 

19 27 14 

Equation at Greenwich time 

12 30.2 

■ 16 60 47 

o t n 


Longitude in time by ditto... 2 36 27 
Longitude made to noon.., 

= 39 6 45 East. 

.... - 10 0 West. 


Longitude at noon . 

>••• 38 56 45 East. 




No. 284. 

No. 376. 

Not 807- 

fThnmnmeter, No. 156 . 

h. m. s. 
16 12 41 
16 16 18 

h. m. s. 
16 13 26 
16 23 42 

h. m. s. 

16 14 35 

16 8 53 

f!hmnnmetpr* .... 

Differences.... 

+ 3 37 

16 38 1 

+ 10 16 

16 38 1 

- 5 42 

16 38 1 

Chronometer, No. 156, when) 
altitudes were taken.j 

Original errors . ... 

16 41 38 
+ 7 10 

16 48 17 
+ 10 12 

16 32 19 
+ 16 34 

Accumulated rates . 

16 48 48 
4- 2 11 

16 58 29 
- 7 28 

16 47 58 
+ 32 


Mean time at Greenwich by) 

Chronometers . j 

Mean time at ship by altitudes... 

1 

16 50 59 

19 27 14 

16 51 1 

19 27 14 

16 50 55 

19 27 14 

Longitude in time . 

2 36 15 

2 36 13 

2 36 19 

Longitude of ship . . 

O t II 

39 3 46 
- 10 0 

o t It 

39 3 15 

- 10 0 

O / II 

39 4 45 E. 

- 10 0 W. 

Longitude made to noon 

Longitude at noon .. 

38 53 45 

38 53 15 

38 54 45 E. 



o in 


Longitude by No. 166. 38 56 45 

- No. 284. 88 53 45 

~ No. 376. 38 53 15 

~ No. 807. 38 54 45 


4) 218 30 


Mean Longitude at noon 


38 54 37 E. 
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To find the Rate of a Chronometer or Timekeeper . 

When a chronometer is received from the maker, or person to whose care 
it has been entrusted to regulate its going, a memorandum is always given 
with it, stating how much it is fast or slow for mean time at the meridian 
of Greenwich, or any other given place, on a given day; and its daily rate 
of going, that is, its gain or loss in £4 hours mean time, in seconcfe and 
tenths of a second: these particulars should be entered in a book kept for 
the purpose of carrying on the sum of the daily rates, or the total gain or 
loss of the chronometer, to each day at noon; so that the accumulated rate 
may be readily known, without the trouble of calculating its amount every 
day of observation.* 

Should the rate of a chronometer continue always uniform, the longitude 
is to be found as shewn in the preceding pages; but as these instruments 
are liable to vary their rates, it is necessary to examine their going when* 
ever opportunities present themselves: and this may easily be done when 
the ship is in harbour, or in the same place two or three weeks, by taking 
a set or altitudes when the sun is at a proper distance from the meridian, 
from which the mean time at the place of observation may be obtained; the 
difference between which, and the mean of the times pointed out by the 
chronometer, will give what it is fast or slow at that meridian. 

Immediately before the ship sails, repeat these observations, and find 
again how much the chronometer is fast or slow for mean time; the differ¬ 
ence of these errors, when they are both of the same name, or their sum, 
when of contrary names, will be the whole gain or loss during the interval 
between the two observations: therefore to find the daily rate, say, as the 
interval of time is to £4 hours, so is the whole gain or loss, to the dsuly rate. 

If the chronometer be fast at the time of the first observation, and the 
error be increasing, it is evidently gaining on mean time; but if decreasing, 
it is losing: on the contrary, if it be too slow at the time of the first observa¬ 
tion, ana the error increasing, it is losing; but if the error be decreasing, 
it is gaining. 

The rate deduced from the comparison of the errors, is founded on the 
supposition, that the motion of tne chronometer is uniform during the 
interval of time between the observations; but should that not be the case, 
these observations will not detect its irregularity: it will therefore be prudent 
to take the observations as frequently as circumstances will permit, by which 
several rates will be found, differing perhaps a little from each other; but 
the means of these may be considered as the true rate, and employed as 
such in subsequent observations for finding the longitude. 

If any of the rates found as above, should differ materially from the rest, 
such rates should be altogether rejected, as probably arising from some error 
in the observations, or irregularities in the going of the chronometer. 

When several observations are taken, by some of which the chronometer 
is found to be gaining, and by others losing, take the difference between 

• Books ruled for this purpose may be had at the Publishers* of the present Work. 
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the sum of all the gainings, and the sum of all the losings, which divide 
by the number of days elapsed while it was under trial, and the quotient will 
be the mean rate, of the same denomination with the greater quantity. 

The method of finding the rate of a chronometer by altitudes taken in 
the usual way, from the horizon of the sea, is well adapted to the practice 
of seamen; and if the observations be taken with care and skill, the rate so 
found, may be sufficiently exact for the usual length of a West India voyage: 
but it must be observed, that if there be an error in the daily rate, since 
that error accumulates every day, the longitude deduced from the chro¬ 
nometer at the end of a long interval, may in that case be wide of the truth. 

The rate may, however, be found nearly as correct as with an astro¬ 
nomical dock, by equal or single altitudes taken on shore with a sextant 
and an artificial horizon: indeed, these two instruments may be considered 
a portable observatory, and a person with their assistance will be enabled 
to regulate chronometers wherever he may chance to stop a few days. And 
here we must remark, it is not necessary to take the chronometer on shore for 
that purpose; for if the observer have a good watch, that shews seconds, it 
may be compared with the chronometer immediately before he goes on shore; 
and the difference applied to the mean of the times pointed out by the asrist* 
ant watch, when the altitudes are taken, will be the time by the chronometer, 
corresponding to the mean of the altitudes. In fact, the rate should always 
be ascertained, if possible, when the chronometer is on board ship, where 
being once fixed, it should on no account be removed ;* for it has been 
found by experience, that the morion of a chronometer is generally accelerated 
after being received on board, whereby a losing rate will be diminished, and 
a gaining one increased: this effect has been ascribed to “ the magnetic 
action exerted by the iron in the vessel on the inner rim of the balance, 
which is made of steel.”‘f' 

When the morion of a chronometer is accelerated after its rate has been 
determined, the longitude resulting from observations made with it, will 
be to the westward of the true longitude; and when its motion is retarded, 
it will give the longitude too far to the eastward. 


• Chronometers should always be placed amidships, and as nearly as possible to the 
ship's centre of motion; but at the same time at a distance from the iron-work of the ship. 


Commander R. Owen, R. N., who has had considerable experience as a Navigator, recom- 
mends, as the least objectionable method of fixing chronometers, that of having a table hung 
on gimbols, with a weight of from 20 to 60 lbs. suspended underneath, in the manner of an 
azimuth compass, so that the centre of gravity be as near the centre of its motion as poasible, 
to permit it to keep its level permanently, without being subject to vibrate, and the axes of the 
gambols to work in smooth stuffed leather sockets, bearing against springs in every direction; 
these springs being neither too stiff, nor too sensible, for the weight they are to support. The 
pillars, or stand for the sockets, to be a fixture in the deck. The chronometers to be placed 
in small partitions on the table, and to be wedged securely in their places by soft cushions. 

Commander O. also observes, that it is sometimes the practice to keep chronometers (par¬ 
ticularly the small case ones) in drawers; but this is very objectionable, on account of the 
opening and shutting, which is sufficient of itself to derange them. 


•f- See Mr. Fisher's Paper on the Errors in Longitude, as determined by Chronometers it 8et» 
read before the Royal Society, June 8,1820.—Phil. Trans. 1820, p. 207* ' ’ 
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We shall now proceed to illustrate the foregoing rules and remarks by a 
few Examples. ‘ : w 

EXAMPLE I. 

October 2, a chronometer was 10m. 42. 8s. fast at noon for mean time at 
Greenwich; and October 11, at noon, it was 11m. 19- 7s. fast for the same 
meridian: required the daily rate of the chronometer. 

m. a. 

October 2 Chronometer was fast. 10 42.8 


October 11 ~ fast. 11 19.7 

Interval 9 days. 9) 0 36.9 — gain in 9 days. 

Daily rate... 0 4.1 gaining. 


EXAMPLE II. 

At noon, June 13, a chronometer was 3m. 37s. fast for mean time at 
Greenwich; and at noon, June 25, it was 2m. 13. 8s. fast for the same 
meridian : required the daily rate of the chronometer. 


m. s. 

June 13 Chronometer was fast. 3 37.0 

June 25 ~ ~ fast. 2 13.8 


Interval 12 days. 

12) 1 

23.2 = loss in 12 days. 


Daily rate... 0 

6.9 losing. 


EXAMPLE III. 



February 2, at noon, a chronometer was lm. 10s. fast, and February 28, 
at noon, was Om. 50s. slow, for Greenwich mean time: required the daily 
rate of die chronometer. 

m. s. 

February 2 Chronometer was fast. 1 10 

February 23 ~ ~ slow. 0 50 

Interval 21 days; 2 0 = loss in 21 days. 

— 60 


21) 120 

Daily rate... 5.7s. losing. 


EXAMPLE IV. 

November 5, by an observation taken at 4h. 20m. P. M., a chronometer 
was found to be 2h. 10m. 45s. slow; and on November 17, at 7h. 32m. 
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A M. (civil time), it was 2h. 13m. 30s. slow at the same msridigp: 
required the daily rate of the chronometer. 


November 5 at 4h. 20m. Chronometer was alow. 2h. 10m. 45s. 

November 16 at 19 32 _ ~ alow. 2 13 36 

lateral.*. II days 15h. 12m. Loea during the intervals. Oh. 2m. 51a. 

Then, As 11 days 15h.: £4 hours :: 2m. 51s.: 14.7s. 

Hence the daily rate of the chronometer is 14.7s. losing. 


EXAMPLE V. 

May 1,1835, at Falmouth, in latitude SO^y N., and longitude 5°£'W., 
at 18b. 45m. mean time (being May 2d, at 6h. 45m. A. M. civil time), the 
following altitudes were taken with an artificial horizon, for the purpose of 
ascertaining the daily rate of a chronometer which had been previously set 
to Greenwich mean time; the index error of the sextant being 1' 35" to be 
added. 


Timm by Chron. Double Alts, 
h. m. a. ° ' " 

19 10 30 37 48 45 

12 40 88 4 30 

14 51 38 20 15 


3) 88 1 114 13 30 

19 12 40 88 4 30 

lodes error .. + 1 85 


h. m. 

Time at Falmouth. 18 45 

Longitude in time. + 20 W. 

Time at Greenwich . 19 5 Log. 0996 (XXXIII). 

Variation of deo. in 24 hours 19 9* Log. 1213 

ii n 


Variation in 19h. 5m~.. 

Sun 1 

1 

Ditto at Greenw. time... 15 11 1 N.Secant 0.015431 


iation in 19h. 5m~.. + 14 26 Log. 2209 
i*a dec.at noon, May 1,14 56 85 N. (P. II. N. A.) 


2) 88 6 5 

Latitude . . 

... 50 9 0 N.... 

...Secant 0.193291 

Ob*, alt. mm’. L. L. 19 8 9 

Difference. 

... 84 67 60 


Sun’, corr. (XVIII) - 9 85 

Zenith distance . 

... 70 43 40 


19 0 27 

Sum. 

...105 41 39 

78 

Son’s aemidiameter + 15 53 

Half-sum. 

... 52 50 49 . 

...8ine... 9.901394 

Difference. .. 

... 85 45 41 

327 

Son’s true altitude . 19 16 20 

Half-difference . 

... 17 52 50 ....... 

,„Sine~. 9.486860 

90 

App. time from noon 

h. m. a. 

... 5 11 51 . 

...Log... 9.59738. 

Sun*, lenith dirt.... 70 43 40 

24 


Eq. of time, Mayl .. 2 50.9 
Cor.forl9h.5m.(LI.) + 6.1 

Bq. at Greenw. time .8 6.0 


App. time at Falmouth. 18 48 
Equation of time... 

Mean time at Falmouth 18 45 
Ditto by chronometer, 

Chron. fast for meridian ) 
of Falmouth, May I.. J 

Ll 


18 

48 

9 

— 

8 

6 

18 

45 

3 

19 

12 

40 

f 

27 

37 
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May 2d, 1835, at Falmouth, at lPh. 50m. mean time, (being May 3, 
at 6h. 50m. A. M. civil time), the following observations were taken with 
the same instruments as before, to find the daily rate of the chronometer. 


Times by Chnm. Double Alts, 
h. m. s. ° ' " 

19 17 5 40 10 80 

18 18 23 15 

19 31 37 0 


3) 54 54 70 45 


19 18 18 40 23 35 

Index error .. -{- 1 35 


2) 40 25 10 


li. m. 

Time at Falmouth. 18 50 

Longitude in time. -f~ 20 W. 


Time at Greenwich . 19 10 Log. 0977 (XXX1I1). 


Variation of dec. in 24 hours 17'54" Log. 1274 

Variation in 19h. 10m... -j- 14 f8 Log. 2251 

Sun's dec.at noon, May 2, 15 14 43 N. (P. II. N. A.) 

- 1 

Ditto at Greenwich time 15 29 1 N..Secant 0.016054 

Latitude . 50 9 0 N.Secant 0.193291 


Obs. alt. sun's L. L. 20 12 35 Difference. 34 39 59 

Sun's oorr. (XVIII) — 2 26 Zenith distance . 69 33 58 


20 10 9 Sum .104 13 57 

Sun's semidiameter, -f 15 53 Half-sum. 52 6 58 

■ ■ ■■■ - Difference . 34 53 59 

Sun's true altitude. 20 26 2 Half-difference... 17 26 59 

90 h. m. s. 

■ ■ — App. time from noon... 5 6 0 

Sun's zenith dist.... 69 33 58 24 


95 

.Sine... 9.897123 
395 

Sine... 9.47653S 


Log... 9.58350. 


App. time at Falmouth. 18 54 0 

m. s. Equation of time. — 3 13 

Eq. of time. May 2... 3 7.5 - 

Corr.forl9h.l0m.(LI) -f- 5.5 Mean time at Falmouth 18 50 47 

■■■ . ■ ■ Ditto by chronometer... 19 18 18 

Eq. at Greenw. time .3 13.0 - 

■■ - Chron. fast for meridian \ 9 - 

of Falmouth, May 2 . f 

Ditto, May 1 . 27 37 


Daily rate of chronometer 0 6 losing. 


May 5, 1835, at Falmouth, at 18h. 45m. mean time (being May 6, at 
6h. 45m. A. M. civil time), the following altitudes, with corresponding tiroes, 
were taken with the same instruments as before, to find the daily rate of 
the chronometer. 
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Times by Chron. Doable Alts. h. m. 

h m. s. ° ' " Time at Falmouth. 18 45 

19 5 59 38 4 0 Longitude in time. 4- 20 W. 

7 12 19 28 - 

8 22 34 44 Time at Greenwich . 19 5 Log. 0996 (XXXIII). 

- - Variation of dec. in 24 hours 17' 6" Log. 1472 

3) 21 33 58 12 0 , „ - 

■ ■ ■ ■ -■ ■ .. ■ Variation in 19h.5m.. a . •+- 13 36 lx#. 24 j8 

19 7 U 38 19 24 0’s dec. at noon. May 5, 16 7 38 N. (P. II. N. A.) 

Index error ... + 1 35 - 9 



Ditto at Greenw. time 

. 16 21 14 N.... 

....Secant 0.017928 

9) 38 20 59 

Latitude . 

. 50 9 ON.... 

....Secant 0.193291 

Obi. alt. sun’s L. L. 19 10 29 

Difference... 

. 33 47 46 


Sun’s corr. (XVIII) — 2 35 

Zenith distance . 

. 70 36 14 


19 7 54 

Sum . 

.104 24 0 


Sun’s samidiameter -f 15 52 

Half-sum. 

. 52 12 0 . 

...Sine... 9.897712 


Difference. 

. 36 48 28 

89 

Sun's true altitude. 19 23 46 

Half-difference....... 

. 18 24 14 . 

...Sine... 9.499204 

90 


h. m. s. 



App. time from noon .. 

. 5 16 31.5 ... 

...Log.... 9.60823. 

Sun’s senitb diet.... 70 36 14 


24 



App. time at Falmouth. 18 43 28.5 

m. s. Equation of time. — 3 31.3 

Eq. of time, May 5 ... 3 27.0 - 

Corr.for 19h. 5m.(LI) + 4.3 Mean time at Falmouth 18 39 57.2 

- - Ditto by chronometer... 19 7 11 

Eq.at Greenwich time 3 31.3 - 

■ Chron. fast for meridian 1 0 - 10 Q 

at Falmouth, May 5 . f * 

Ditto, May 2 .... 27 31 

Loss in 3 days .3) 0 17.2 

Daily rate of chronometer 0 5.7 losing. 


May 7) 1885, at 18h. 35m. mean time, the altitude of the sun's lower 
limb, taken as before, and corrected for index error, was 18° SO' 37"? when 
die chronometer shewed 19h. 0m. 3s , by which it will be found that the 
mean time at Falmouth was 18h. 33m. 2s. when the sun's altitude was 
observed; and the chronometer fast 27m. Is.; which, compared with its 
error on May 5, gives its daily rate 6. 4s. losing. 

Again, May 11,1835, at 18h. 35m. mean time, the altitude of the sun's 
lower limb, taken as before, and corrected for index error, was 19° 2' 23", 
when the chronometer shewed 18h. 57m. 49s., which gives the error of the 
chronometer for the meridian of Falmouth, 26m. 35.5s. fast, and the daily 
rate 6. 4s. losing. 


L l 2 
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From die preceding observations, the mean rate may be determined u 
follows: 


May 


1 

2 

5 

7 

11 


m. s. 

Chronometer was fast... 27 87 

• fast... 27 81 

~ fast... 27 13.8 

~ fast... 27 1 

- fast... 26 85.5 


... Joss in 1 day... 6.0 
...loss in 3 days;..17.2 
..Joss in 2 days*.12.8 
..Joss in 4 days...25.5 


Daily rats* 
s. 

= 0.0 
8 = 5.7 
2 = 6.4 

4 = 6.4 


Loss in 10 days*..61.5 4) 24.6 


Mean daily rate... 6.12 


Or 61. 5s., the total loss, divided by 10, the number of days elipaed 
between the first and last observations, gives the mean daily rate 6.15s. 

Hence it appears that on May 11, at 18h. 67m. 49s. (May 12, at 
6b. 57m. 49s, A. M. civil time) the chronometer was fast for die meridiaa 
of Falmouth, 26m. 35. 5s., and losing daily 6.12s. 

Or if the longitude of Falmouth in time, (20m. 8s. W.) be added to 
18h. 31m. 13. 58., the mean time at Falmouth when the observation wu 
made May 11, it will give the mean time at Greenwich 18h. 51m. 21.5a, 
which, subtracted from 18h. 57m. 49s., shews that the chronometer vai 
6m. 27.5s. fast for the meridian of Greenwich. 

It is essential that the altitudes used for finding the rate of a chrono¬ 
meter should be observed about the same time of each day, or that the 
proportional part of the gain or loss should be found; for as the daily rate 
is the loss or gain in f 4 hours, it follows, that if one observation, for 
instance, be taken in the morning, and another in the afternoon of the fol¬ 
lowing day, the interval being more than a complete day of 24 hours, the 
difference of the times by the chronometer will be more than the daily rate. 
Let us suppose that the above series of observations were continued, and 
that on May 13, altitudes were taken in the afternoon, by which it appeared, 
the mean time at Falmouth was 5h. 16m. 20s. P. M. when the chronometer 
shewed 5h. 42m. 46.5s., and was therefore 26m. 26.5s. fast for mean time 
when the observations were taken. 

May 114. 18h. 31m. 13.5s. Chronometer was fast S8m85.5s. 

May 18 5 16 20 ~ ~ - 20 26.5 

Interval 1 10 45 6.5 Difference 9 


The chronometer therefore lost 9s. in 1 day, lOh. 45m. = 34h. 45m. or 
85 hours nearly: consequently, as 35h.: 9a. :: 24h. : 6.2s., the daily rate 
required. 

Three or more chronometers may be compared together daily, and a 
judgment thence formed of the regularity of their going: as for instance, 
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suppose the comparison be made each day about noon wkhthree xhrdno- 
meters: the assumed rate of No. 1 being 2s. gaining; of No. 2, 5s.gam- 
ing; and of No. 6, 6s. losing; let the comparisons be made as in the 
following Tables: 


Comparison of No. 2. with No. 1. 



i 

Chro. 
No. 1. 

Chro. 

Na 2. 

First 

Diff. 

Sec. 

Diff. 

1 


h. m. s. 

h. m. s. 

m. s. 

8 . 


1 

0 10 40 

0 20 32 

9 52 


m 

2 

0 12 30 

0 22 25 

9 55 

o 

■ 

3 

0 15 20 

0 25 18 

9 58 

o 

q 

■ 

4 

0 11 35 

0 21 36 

10 1 

o 

q 

■ 

5 

0 13 5 

0 23 9 

10 4 

•> 

Q 

■ 

6 

0 8 50 

0 18 57 

10 71 

a 

q 

■ 

7 

0 14 45 

0 24 55 

10 10 

O 

q 

■ 

8 

0 20 35 

0 30 48 

10 13 

q 

■ 

9 

0 15 10 

0 25 26 

10 16 

O 

q 

■ 

10 

0 16 0 

0 26 19 

10 19 

a 


Daily gain of No. 1. 8s. 

Daily gain of Nd. 2.. 5 

Daily diff. should be. 3 


Comparison of No. 3. with No. 1 


■fl 


Chro. 

Chro. 

First 

Sec. 

o 

a 

A 

No. 1. 

No. 3. 

Diff. 

Diff. 

May 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

h. m. s. 

0 11 10 

0 13 0 
0 16 10 

0 11 55 

0 13 50 
0 9 15 
0 15 20 
0 20 50 
0 15 55 
0 16 40 

| 

m. s. 

4 25 

4 33 

4 40 

4 46 

4 54 

5 1 

5 10 

5 18 

5 24 
5 33 

s. 

8 

7 

6 

8 

7 

9 

8 

6 

9 


Daily gain of No. 1. 2s. 

Daily loss of Na 3.- 6 


Daily diff. should be. 8 


Comparison of No. 3. with No. 2. 


•S 

i. 

Chro. 

Chro. 

First 

Sec. 

| 

<5 

Nat 

No. 3. 

Diff. 

Diff. 



h. m. s. 

h. m. s. 

m. s. 

s. 

May 

1 

0 21 30 

0 7 43 

13 47 

11 

10 

9 

10 

9 

12 

11 

9 

12 

2 

0 23 25 

0 9 27 

IS 68 


3 

0 26 10 

0 12 2 

14 8 


4 

0 22 35 

0 8 18 

14 17 


5 

0 24 10 

0 9 43 

14 27 


6 

0 19 55 1 

0 5 19 

14 36 


7 

0 25 10 

0 10 22 

14 48 


8 

0 31 0 

0 16 1 

14 59 


9 

0 26 10 

0 11 2 

15 8 


10 

0 27 35 

0 12 15 

15 26 


Daily gain of No. 2. 5s. 

Daily loss of No. 3. 6 

Daily diff. should be .11 


Now by comparing No. 2 with No. 1, we find that No. 2 is regularly 
pining daily 3s. on No* 1, equal to the difference of their rates; again, No. 3 
being compared with No. 1, their daily difference (which should be 8s., the 
sum of their daily rates, because one is gaining, and the other losing) appears 
to be irregular; and, lastly, No. 3 compared with No. 2, gives also irregular 
differences, which should be lls., the sum of their rates: hence we conclude 
that No. 1 and No. 2 are going steadily, but that No. 3 is going very 
indifferently. 
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In winding up a chronometer that is going, great caution should be 
observed, not to give it circular motion, which would alter its rate some 
seconds, or, perhaps, even stop its going; but when a chronometer is once 
suffered to run down, it will not acquire new motion without giving it two 
or three quick horizontal circular turns; and it must be observed, that when 
it has once stopped, though for ever so short a period, it will not recover the 
regularity of its motion for some days after, and consequently no reliance 
can be placed on its performance, until its rate be proved by subsequent 
observations. 

A chronometer should be wound up regularly at the same time of the 
day, and great care taken not to give the key, first half a turn, then a 
whole turn, afterwards three-quarters, and so on; for this irregular mode 
of winding up will sometimes very materially alter its rate, ana should be 
as carefully avoided as circular motion : it is therefore advisable always to 
to turn the key gently half round at a time, until the spring be wound up. 
The chronometer should also be examined before the case is shut, to ascer¬ 
tain whether it continue going, as sometimes, when wound up in haste, and 
the chain overstrained, it will be liable to stop. 

Chronometers are of great utility in carrying on the longitudes deduced 
from lunar distances, from one day to another, so that the results of a num¬ 
ber of observations may be brought to one point of time. Also, the 
apparent time found by altitudes taken at a proper distance from the meri¬ 
dian, being carried on by the chronometer, will answer for any lunar 
observation taken in the course of 24 hours: in fact, whenever it is requisite 
to measure short intervals of time accurately, or to ascertain the difference 
of longitude between adjacent places, these instruments are of the greatest 
importance. 

The method of carrying on or deducing the time of taking distances, 
to the time of taking altitudes for the chronometer, may be illustrated as 
follows: suppose that altitudes are taken for ascertaining the longitude by 
chronometers, and that afterwards a set of lunar distances be observed; 
take the elapsed time, as measured by the chronometer, from observing 
the time-altitudes to that of observing the distances, and when the time 
at Greenwich is deduced from the distances, subtract this elapsed time 
from it, and the remainder will be the time at Greenwich when the alti¬ 
tudes for time were taken, and will produce the longitude at that time, 
and not when the distances were observed. On the contrary, if a set of 
lunar distances be taken before the altitudes are observed to find the appa¬ 
rent time, then the elapsed time must be added to the Greenwich time, 
to bring the longitude to the time when the altitudes were taken. 

Or, which is precisely the same thing, ascertain by the altitudes how 
much the chronometer is too fast or too slow at the meridian of the place 
of observation : this error being applied to the mean of the times by the 
same chronometer, when the distances are observed, will reduce the longi¬ 
tude by the lunar observation to the meridian where the error was ascer¬ 
tained ; consequently, will give the longitude of the ship when the time- 
altitudes were observed. 
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EXAMPLE. 


March 16,1836, a set of altitudes was taken, which gave the mean time 
at ship 4h. 48m. 39s., when a chronometer, haying no rate, shewed 
2h. 48m. 69s.; and at Th. 36m. 60s. by the same chronometer, a set of 
distances was observed, which gave mean time at Greenwich 7h. 28m. 38s.: 
required the longitude of the ship when the time-altitudes were taken for 
the chronometer (see Example V. on lunar observations). 

h. m. s. 


Mean time by chronometer when the time-altitudes were observed 9 48 59 
Mean time by chronometer when the distances were observed ... 7 35 50 

Interval by chronometer ... 4 46 51 

Mean time at Greenwich when the distances were observed . 7 28 38 

Mean time at Greenwich when time-alts, were taken for chron... 2 41 47 
Mean time at ship when time-alts, were taken for chronometer ... 4 48 39 

Longitude when time-altitudes were taken for chronometer . 2 6 52 = 31° 43' East. 


Ok thus. 

Mean time by chronometer when the time-altitudes were observed 
Mean time at ship when time-altitudes were taken for chron. 


h. m. s. 
2 48 59 
4 48 39 


Chronometer slow at the meridian of the ship . 1 59 40 

Mean time by chronometers when the distances were observed ... 7 35 50 

Mean time at the meridian where the altitudes were taken, when 1 g 35 30 

the distances were observed .j 

Mean time at Greenwich when the distances were observed. 7 28 38 


Longitude when time-altitudes were taken for chronometer . 2 6 52 = 31° 48' East. 


Observations of lunar distances may be carried on from one time to 
another, so that when the observer has obtained a number of sets on each 
side of the moon, he may bring them all to one point of time by the 
chronometer, and thereby get a mean of all the observations, which will 

? ’ve very nearly the true longitude, if the observations be carefully made. 

his may be explained as follows: suppose on January 20, six sets of 
lunar distances be observed; on the 21st, four more; and on the 23d, 
being the last day when the distances are set down in the Nautical Alma¬ 
nac on that side of the moon, six more sets be observed. Bring each set 
of distances to the time when the altitudes for chronometers were taken 
on their respective days; then take the difference of longitude shewn by 
the chronometer between the 20th and the 23d, at the time the altitudes 
for the chronometer were observed, which apply to each set taken on die 
20th; do the same between the 21 st and 23d; each set will then be brought 
on to the time when altitudes for the chronometer were taken on the 23d; 
in all sixteen sets. The mean of these observations will, in all probability, 
not be far from the truth. In this manner observations may be carried 
on, by distances taken on the other side of the moon, and the result 
deduced from their mean, will approximate still nearer to the truth. Thus 
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lunar observations and chronometers may be made to go hand in hand 
r^wkh each other, to discover the ship's true longitude* 

EXAMPLES FOR EXERCISE. 

1. July 8, 1835, P* M., in latitude 47° 46' N., the observed altitude 
of the sun’s lower limb was 26° 32' 17", when a chronometer shewed 
2h. 50m. 15s. P. M., whose error and rate had been determined at noon, 
June 25, when it was fast for Greenwich mean time 2m. 13.8s., and losing 
6.98. daily; the error of the sextant being + 5' 10", and the height of 
the observer’s eye 28 feet: required the longitude of the ship. 

Answer. Mean time at ship 5h. 2m. 24s.; mean time at Greenwich 
2h. 49m. 32s.; and the longitude 33° 13' 0" East 

2. October 11, 1835, at noon, a chronometer was fast for Greenwich 
mean time 11m. 19. 4s., and was gaining 4. Is. per day. 

October 21, A. M. (civil time), in latitude 34° 37' S., the same chro¬ 
nometer shewed 6h. 42m. 10s. A. M. (civil time) at Greenwich, when the 
observed altitude of the sun’s lower limb was 42° 19' 52"; the index enor 
being 2' 30" to subtract, and the height of the eye 20 feet: required the 
longitude. 

Answer. Mean time at ship, October 20, 20h. 44m. 44s.; mean time st 
Greenwich 18h. 30m. lls.; and the longitude 33° S8 / 15" E. 

3. August 7, 1835, at noon, a chronometer was slow for mean time at 
Greenwich 17m. 30s.; and on August 13, at noon, it was slow for mean 
time, at the same meridian, 18m. 45s. 

August 23, A. M. (civil time), in latitude 37° 40' N., when the above 
chronometer shewed 5h. 53m. 16s. (being P. M. at Greenwich), the ob¬ 
served altitude of the sun’s lower limb was 37° 15' 40", the index error of 
the sextant being 2' 15", to subtract, and the height of the observers eye 
20 feet: required the longitude. 

Answer. The daily rate of the chronometer was 12.5s. losing; the mean 
time at ship 20h. 37m. 24s.; and the mean time at Greenwich 30h. 14m. 9a 
past noon, August 22; the longitude 144° 11' 15" West 

4* January 2, 1835, at noon, a chronometer was lh. 12m. 52.5s. slow 
for mean time at Greenwich; and on January 9> at noon, it was lh. 13m.57a 
slow for mean time at the same meridian. 

. Jstnnary 30, P. M., in latitude 30? 20' N., when the above chronometer 
shewed f h. 89m* 51s. (being January 30, A. M., civil time, at Greenwich), 
the observed altitude of the sun’s lower limb was 17° 42' 54", the iadei 
error being 8' 15" to add, and the height of the eye 20 feet: required the 
longitude. 

Answer* The daily rate of the chronometer was 9.2s. losing; the mess 
time at ship 27h* 66m. 26s.; and the mean time at Greenwich 15h.56m.68a 
past noon, January 29; the longitude 179° 52' 0" E. 

6; February 6, 1885, at noon, a chronometer was 27m. 54.for 
mean time at the Cape of Good Hope, in longitude 18? 24^ 24" E.; ui 
February 13, at noon, it was 29m. 10s. fast, at the same meridian* 
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f* March 3, about 5h. 58m. P. M., being in latitude 48° 57' N., the alti¬ 
tude of the Star Regulus was observed to be 17° 4 2f 16" East of the 
meridian, when the above chronometer shewed Sh. 10m. 36s. P. M.; the 
error of the sextant being + 2' 10", and the height of the observer's eye 26 
feet: required the longitude. 

Answer. The daily rate of the chronometer was 10.8s. gaining; the 
r mean time at ship 6h. 6m. 12s.; the mean time at Greenwich lh. 24m. 32s.; 

* and the longituae 70° 25'0" East. 

- 6. December 10, 1834, at noon, a chronometer was 10m. 46s. fast for 
mean time at Greenwich, and losing daily 12. 5s. 

January 3,1835, in latitude 21° 20' N., the same chronometer shewed 
s 9h. 11m. 546. P. M., when the observed altitude of the centre of the planet 
d Jupiter was 48° S' East of the meridian; the index error of the sextant 
being + 4' 15", and the height of the observer's eye 18 feet: required the 
i' true longitude of the ship. 

Answer. Longitude of the ship, 48 p SO’ 45" West. 

7. April 2, 1835, at noon, a chronometer was slow for mean time at the 
r: Observatory of Paramatta (New South Wales), in longitude 151° 1'84" E., 
ii by 9h. S4m. 10s., and was losing daily 5. 8s. 

* May 20, 1835 (civil time), being in latitude 42° 36 / S., and longitude 
by account 116° SO' E., when the above.chronometer shewed 4h. 8m. 14s. 

0 A. M., the observed altitude of the moon's upper Hmb was 24° 34 / 15" West 

* of the meridian; the error of the instrument being — 2' 30", and the height 
2 of the observer's eye 21 feet: required the true longitude of the ship. 

Answer. The longitude of the ship, 116° 20' SO" East. 

8. September 9, 1835 (civil time), at Bombay, in latitude 18° 56' N., 
i s ; and longitude 72° 64/ 24/' E., about 7h. 12m. A. M., the double altitude of 
j the sun's lower limb was observed to be 38° 37' 55" by an artificial horizon, 

- when a chronometer shewed 2h. Sim. 58s. A. M.; and on September 16, 
^ about 7h. 4m. A. M., the double altitude of the sun's lower limb was 

again observed to be 89° 42', when the same chronometer shewed 2h.23m.54e. 
A. M., the error of the sextant being — 2' 10": required the rate of the 
^ chronometer, and its error on Greenwich mean time, when the latter alti¬ 
tude was observed. 

Answer. The chronometer was 11m. 9. 5s. fast for Greenwich mean 
! time, September 9, and 12m. 24s. fast on September 16; hence the daily 
rate was 10. 6s. gaining. 

^ 9. May 4,1835, at Kingston, Jamaica, in latitude 17° 68' N., and longi- 

s tude 76° 46' 10" W., about 4h. 80m. P. M., the double altitude of the 
. sun’s lower limb, taken by an artificial horizon, was 49 p 34' 35", a chrono- 
. meter, No. 65, shewing at the same time 9h. 30m. 28s. P. M.; and on 
May 12, about 4h. 31m. P. M., the double altitude of the sun's lower limb 
, was 4ff> 85' 50", when No. 65 shewed 9h. 31m. 51s. P. M.; the index error 
I of the sextant being + V 15": required the rate of the chronometer, and its 
error for Greenwicn mean time when the latter altitude was taken. 

Answer. The chronometer was 6m. 23s. slow for mean time at Green¬ 
wich on May 4, and 6m. 26s. slow on May 12; hence the daily rate was 
0. 4s. losing. 

M M 
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OBSERVATIONS. 

To find the apparent Altitudes and Distance . 

Rules. —1. With the apparent time at the ship, and the longitude by 
account turned into time (XIX)., find the apparent time at Greenwich by 
the Rules in Page 165; to which apply the equation of time, as directed in 
Page 1 56 : the result will be the mean time at Greenwich by account. Bui, 
should a chronometer be at hand, whose original error and rate are known, 
the mean lame at Greenwich may be more correctly and easily inferred 
from it, as shewn in the method of finding the longitude by chronometers. 

2. From Page III. of the month in the Nautical Almanac, take out tbe 
moon's semidiameter and horizontal parallax, and reduce them to the meaa 
time at Greenwich*; and to the semidiameter add the moon's augmenta¬ 
tion, taken from Table VII. 

8. From die moon's observed altitudef subtract the dip of the horizon 
(V.), and to the remainder add the moon's augmented semidiameter when 
the lower limb is observed, or subtract it if the upper limb be taken: the 
result will be the apparent altitude of the moon's centre. 

4. Then, if the sun be observed, from the observed altitude of the lower 
ftnb subtract the dip of the horizon (V.), and to the remainder add the 
sun's semidiameter far the given day, taken from Page II. of the month in 
the Nautical Almanac: the sum will be the sun's apparent altitude 

6. To the observed distance add the semhfiameter of the sun, and the 
Inoon's augmented semidiameter; their sum will be the apparent distance 
. & But, if a star or a planet be observed , from its observed altitude sub¬ 
tract the dip; and the remainder will be die star's or planet's apparent altitude. 

. ?. To the observed distance of the moon and star, or planet, add the 
moon's augmented semidiameter, if the nearest limb were taken, but subtract 
it, if the farthest limb were observed: their or difference will be die 
appauent distance. 

To find the true Distance^ 

METHOD I. 

. Rules.— 1. To the sum of die apparent altitudes add the difference tf 
the correction of the moon's apparent altitude (XXX.), and that of the sun, 

• See Note, Page 186. 

+ In all ceaee the observed altitudes and distances must first be corrected for the index 
error (if any) of (he instrument. 

$ Five different methods of clearing the distance are here given: the fret is* modification 
of Mr. Kraft's Method by natural versed Sines; the second is derived from that of K Bocd* 
abridged by the Table of Logarithm^ Differences, and requires six places of figures ia tbs 
logarithms; the third is similar to that riven by Mr. Witch ell, and requires only (bar fto* 
of figures; the fourth was invented by Mendoea Ribs, Be^., find has the advantage of a* 
requiring any distinction of cases; the fifth is Mr. Lyon's, improved by using a set of Xdaasr 
Table s, invented and published by the Author of this Work. These Tables, for corrsstifif 
the apparent distance for the effect of refraction without calculation, render this method sos 
of the easiest and shortest that have been proposed. 
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star, or planet*, which will give the sum of their true altitudes; subtract this 
\ from 180°, and the remainder Will be the sum of their true zenith distances. 

0. Under the sum of the apparent altitudes place the auxiliary arc 
(XXX*.)+ and the apparent distance: call these A, B, and C. 

3. Find the sum and difference of the auxiliary arc (Eft, and the sum of 
the apparent altitudes (A), also the sum and difference 6f fhe auxiliary arc 
i (B), and the apparent distance (C); place these in dtder under each other, 

i together with the sum of the true zenith distances. 

j: 4 Add together the natural yersed sines (XXXVI). of the five arcs, 

% facing die paxtsior seconds opposite each, and their sum, together with the 

ii sum of the parts, will be the natural versed sine of the true distance. 

i Note. 1 . Since the true distance will never differ much more than a 
0 degree from the Apparent distance, it will suffice to take out only the last 
;J five figures of the natural versed sines, observing to reject the tens in the 

ii last fine added up. 

L i % When any of the arcs exceed 180^ subtract them from 860^ and take 
ont the natural versed sine of the remainder. 


METHOD II. 

Rules. —1. To the sum of the apparent altitudes add the difference of 
the correction of the moon's apparent altitude (XXX.), and that of the 
sun, star, or planet*, which will give the sum of their true altitudes, of 
which take the half 

2. Add together the apparent altitudes and apparent distance,. and,find 
the difference between half this sum and the apparent distance. 

3. To the log. co-sines of the half-sum and difference (XXV.) add the 

S fcbmie difference (XXXIX.)J, and half the sum of these three loga- 
s will be the log. sine of an arch. 

4. Add together the log. co-sines of the sum and difference of the arch, 
and half the sum .of Jthe true altitudes; then will half the sum of these two 
logarithms be the log. sine of half the true distance. 

Note. In this method it may be observed that the seconds of the 
apparent distance may be omitted until the operation be finished, and their 
they are to be added to the computed distance. If the sum of the apparent 
distance and ahitudes should have an odd digit in the unit's .place of the 
inmutes, the minutes in the distance may be increased by.an unit; and, in 
this case, what the given number of seconds wants of 60", is to be sub¬ 
tracted from the computed distance. 


* The nm , i correction is the difference of the refraction (IV.) and parallax in altitnde 
(VI.), which may be found at once in Table XVIIL The 9tar y s correction is. the refraction 
in altitude (IV. or XVIII.) The plane?t correction is the difference of the refraction (IV.). 
and parallax in altitude (XLVIII.) 

t The auxiliary arc may be taken out at the same time with the moon’s correction, being 
placed on the opposite page, taking care always to add the seconds given in the right-hand 
eohtmn, when the distance from the sun or a star be observed; or those in Table I* when 
the object is a planet 

t When the sun or a star is observed, the logarithmic difference is to be oorrected by Table 
XU or XLI.; but when the object is a planet, by Table XLIX. 
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METHOD ID. 

Rules.— 1. Add the sun's, star's, or planet's apparent altitude to the 
moon's apparent altitude, and take half their sum; subtract the less altitude 
from the greater, and take half the difference; then add together 
the log. co-tangent of half the sum (XXV.); 
the log. tangent of half the difference ; 

and the log. co-tangent of half the apparent distance: 
their sum, rejecting the tens in the index, will be the log. tangent of an 
arch, which call A. 

£. When the sun's, star's, or planet's altitude is greater than the moon's, 
take the difference between the arch A, and half the apparent distance; but 
if less, take their sum; then add together 

the log. co-tangent of this sum or difference; 

the log. co-tangent of the sun's, star's, or planet's apparent altitude; 

and the proportional logarithm (XXXIV.) of the sun's, star's, or planet's 
correction*; their sum, rejecting the tens in the index, will be the propor¬ 
tional logarithm of the first correction . 

3. If the sum of the arch A, and half the apparent distance, were taken 
in the preceding article, now take their difference; but if their difference 
were then taken, now take their sum ; then add together 

the log. co-tangent of this sum or difference ; 
the log. co-tangent of the moon's apparent altitude ; 

and the proportional log. (XXXIV.) of the moon's correction (XXX ); 
their sum, rejecting the tens in the index, will be the proportional loga¬ 
rithm of the second correction 

4. When the arch A is less than half the apparent distance, the first 
correction must be added to, and the second correction subtracted from 
the apparent distance; but when the arch A is greater, both the first and 

second corrections are to be added to the apparent distance, if the moon's 
altitude be the greater ; but when the moon's altitude is the less, they are 
both to be subtracted from it, to give the corrected distance. 

5. Enter Table XXXV. with the corrected distance at the top or bot¬ 
tom, and the moon's correction and second correction alternately in the ode 
column : the difference between the seconds thus taken out, being added 
to the corrected distance, when it is less than 90°, or subtracted from it when 
above, will give the true distance. 

METHOD IV. 

Rules. —1. Add together the apparent distance and apparent altitudes, 
and take half their sum; the difference between the half-sum and the sun's, 
star's, or planet's apparent altitude, call the first remainder ; and the differ¬ 
ence between the half-sum and the moon's apparent altitude, call the second 
remainder . 


See Note • at the bottom of the preceding Page. 
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2. Add together 

the log. sine of the apparent distance; 

the log. co-sine of the moon's apparent altitude; 

the log. secant of the half-sum; 

the log co-secant of the first remainder; 

the proportional log. (XXXIV.) of the moon's correction (XX3t.); 
and the constant logarithm 9.6990: 

their sum, rejecting the tens in the index, will be the proportional logarithm 
of the first correction. 

3. Add together 

the log. sine of the apparent distance (already found) ; 
the log. co-sine of the sun's, star's, or planet's apparent altitude; 
the log. secant of the half-sum (already found); 
the log. co-secant of the second remainder; 
the proportional log. (XXXIV.) of the sun's, star's, or planet's 
correction*; 

and the constant logarithm 9.6990: 

their sum, rejecting the tens in the index, will be the proportional logarithm 
of the secona correction. 

4. The difference between the first correction and the correction of the 
moon's altitude, call the difference of corrections. 

Enter Table XXXV. with the apparent distance at the top, and the 
moon's correction in the side column, and the corresponding number will be 
the third correction; in the same column, and opposite the difference of cor¬ 
rections, will be found the fourth correction. 

5. Subtract the sum of the moon's correction, and the second and fourth 
corrections, from the apparent distance ; to the remainder add the sun's, 
star's, or planet's correction, and the first and third corrections: their sum 
will be the true distance. 


METHOD V 

1. To die apparent distance add the correction taken from the Linear 
Tables; the sum will be the distance corrected for refraction. 

2. Add together the sine of the corrected distance (XXV.), the co-secant 
of the sun's, star's, or planet's apparent altitude, and the proportional loga¬ 
rithm (XXXIV.) of the moon's norizontal parallax; the sum, rejecting 20 
in the index, will be the proportional logarithm of the first arch . 

3. Add together the tangent of the corrected distance, the co-secant of 
the moon's apparent altitude, and the proportional logarithm of the moon's 
horizontal parallax; the sum, rejecting 20 in the index, will be the propor¬ 
tional logarithm of the second arch . 

4. When the distance is less than 90 p , the difference of the first and 
second arches is a correction for paraUaw ; which, subtracted from the cor¬ 
rected distance when the first arch is the greater, or added to it when the 
first arch is the less, the sum or remainder will be the distance corrected fur 
the moon's parallax. 


See Note * at the bottom of Page 367. 
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But, when the distance is greater than 90°, the suip of the two arches 
is a correction for parallax , and is always to be subtracted from the cor- 
reeled distance. 

5. Enter Table XXXV., and from the column marked with the distance 
at the top, opposite the moon's parallax in altitude * in the left side column, 
take out a number of seconds answering thereto; then in the column with 
the distance at the top, opposite the correction for parallax, find another 
number of seconds; the difference between these being added to the distance 
corrected for refraction and parallax, when it is less than 90°, or subtracted 
from it when above, the sum or remainder will give the true distance. 

Note. If the moon's distance from the sun be observed, it may be fur¬ 
ther corrected for the parallax of the latter by Table A. (Linear Tables), 
which gives two small corrections, to be found under the apparent altitudes, 
and opposite the distance, to be applied as directed at the head of the column 
containing the distance *f. It may, however, be observed that the error, 
arising from the omission of these corrections, will seldom amount to more 
than two or three seconds, and in no case can exceed nine seconds; they 
therefore need only be applied when the distance is required to the nearest 
second. 

But if the moon’s distance be taken from the centre of die Planets 
Venus or Mars , it should be corrected for the effect of their parallax, by 
entering Table A with the distance and altitudes, as directed for the sun, 
using the altitudes of the planet instead of that of the sun; then multiply 
the correction so found by the horizontal parallax of the planet £, and 
divide the product by 9: the quotient will be the correction for the 
planet’s parallax, to be applied to the distance by addition or subtraction, 
as directed for the sun. The parallaxes of the Planets Jupiter and Satmn 
are too small to require notice. 

Haieing the true Distance , to find the Longitude. 

1. Among the distances of the moon's centre from the sun, a Star, or 
planet, set down for every third hour of Greenwich time, from Page XIII. 
to XVIII. of each montn in the Nautical Almanac, find the two distances 
between which the true distance falls on the given day of the month at 
Greenwich, and take out the intermediate proportional logarithm from the 
column headed “ P. L. of Diff."; subtract this prop. log. from the prop, 
log. (XXXIV.) of the difference between the true distance and that under 
the next less hour; the remainder will be the prop. log. of a portion of time, 
which added to the above-mentioned next less hour, the sum will be die 
mean time at Greenwich. 


* The moon’s parallax in altitude is found by Table B. (Linear Tables), under the mooeb 
horizontal parallax, and opposite the moon’s altitude. 

t When both corrections are additive or subtractive, their stun is to be added or ashwd s i ; 
but if one be additive, and the other subtractive, their difference is to be added or tubUMrf 
according to that of the greater. 

t The horizontal parallaxes of the planets are given in the Nautical Almanac fur 1S& 
from Pages 369 to 361. 




ON FINDING THE LONGITUDE BY LUNAR OBSERVATIONS 9ft 

But, as the distances in the Almanac do not increase or decrease uniformly, 
>n account of the irregularity of the moon's motion, when extreme accuracy 
s desired, a number of seconds should be applied to the above Greenwich 
ime (especially when the prop, logs., opposite the distances in the Almanac, 
ncrease or decrease by considerable differences), which may be found aa 
lirected in the Explanation to Table LIV.; or by a Table given in Page 
500 of the Almanac for 1835. 

2. Find the difference between the mean time at Greenwich and the 
nean time at the ship*; convert this difference into degrees and minutes 
[XIX.), and it will give the true longitude of the ship: East, if the time 
it the ship be greater than the time at Greenwich (reckoning from noon 
if the same date); but West, if the time at the ship be lees than the time at 
Greenwich.. 


EXAMPLE I. 

June 3,1835, in latitude 13° S9 7 N., and longitude bv account 57° 15 7 E., 
ibout 4h. P. M. apparent time, the angular distance Detween the sun and 
moon was observed to be 79? 28 7 15", the altitude of the sun's lower limb 
^eing 32° 47 7 SO 77 ; the altitude of the moon's upper limb 65° 55 7 20"; and 
the height of the observer's eye 18 feet: required the true longitude of the 
*hip. 


h. m. 

Estimated apparent time at ship..,— 4 0 
Longitude by account, in time . 3 49E. 

Estimated appar. time at Greenwich. 0 11 
Equation of time (P. I. N. A.) . — 2 


EetSmated mean time at Greenwich.. 0 9 
Moon's hor.par. at noon, June 3... 57' 20" 

O f ft 

Obs. altitude of sun's lower Kmb 82 47 80 


Dip of horizon...... — 4 4 

82 43 26 

Sun's semidiameter . -f 15 47 

Son's apparent altitude.. 32 59 13 


Mpon's semidiam. at noon, June 3... 15 87 
Moon's augmentation (VII.). -f 15 

Moan's augmented semidiameter + 15 62 
Sun's semidiameter (P. II. N. A.) -j- 18 47 
Observed distance ... 79 28 15 


Apparent distance ..... 79 59 54 


otn 

Obs. alt. of moon's upper limb... 65 55 20 
Dip of horizon.. — 44 


65 61 16 

Moon's augmented semidiameter — 16 52 


Moon’s apparent altitude. 65 85 24 


* If either of the objects employed in the lunar observation be far enough from the meridian, 
the time at the ship Is to be found from its altitude by the Rules in Pages 230, 238, 236, or 
238; but if both these be too near the meridian, or the altitudes cannot well be depended 
on, (although they may be sufficiently exact for clearing the distance), the time at the ship, 
and thence the error of the watch or chronometer, must be found either before or after the 
distance is taken, and the error applied to the mean of the times given by the same watch, 
when the distance is observed (as in tne fourth and fifth Examples); and it must be understood 
that in this case the longitude deduced from the lunar observation, will be that of the ship, at 
the time the error of the watch was ascertained. 
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To find the true Distance . 

METHOD I. 

(XXX.) (XXX*) 

t n o if 

) ’g app. alt 65° 30', andhor. par. 57'. 83 9........SO 98 5# 

Parts for 5' altitude . + 6 ... + I 

Ditto for 80 // parallax. -f 8 . -f 

1 ■ Parts for sun’s app. altitude 83°... + 3 

Moon’s correction . 83 16 — — - - 

- Auxiliary arc... SO 89 4 


o t u 

° ' " Sum of apparent altitudes ... 98 34 37 

Sun’s apparent altitude ... 39 59 13 Moon’s corr. (XXX.) W 16" I q . 
Moon’s apparent altitude* 65 35 94 Sun’s corr. (XVIII.) 1 20 J •" 

Sum of app. altitudes (A). 98 34 37 Sum of true altitudes. 98 56 33 

AuxilUry arc .(B). 60 29 4 _ 

Apparent distance ...(C). 79 59 54 Sum of true zenith distances 81 3 27 

Sum of A and B......159 3 41...Versed...33893 parts for seconds 70 

Diff. of ditto . 38 5 33...Versed...!9886 . 100 

Sum of B and C.140 98 58...Versed...71854 . 180 

Diff. of ditto . 19 80 50...Versed...57358 . 82 

Sum of true zenith dists... 81 3 27...Versed...44427 . 130 


562...Sum of parts... 562 

True distance. 79 39 9...Versed...90380 


METHOD II. 


Sun’s app. altitude... 32 59.. 82 59 

Moon’s app. altitude.. 65 35. 65 35 

Apparent distance .. 80 0 


Sum of app. altitudes 98 34 „ 
Moon’s corr. 23' 16") , 41 

Sun*, corr. 1 20 f + 81 56 

Sum of true altitudes 98 55 56 


Hatf-eum. 49 27 58 

Arch. 6 19 54 


Sum.178 34 Log. difference 9.903575 

Half-sum. 89 17...Co-sine. 8.097183 

Diff. of do. and app. dist. 9 17...Co-sine. 9.994274 

9)18.085032 


Sine . 9.042518 



39 49 87. 
X 2 


2)19.613001 
.Sine. 9.800500 


79 39 14 

Seconds increased. — 6 


True distance 


79 39 8 
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iun’s apparent altitude., 
boon’s apparent altitude 


8S°59 / 
65 35 



... 98 34 


Mfference. 

... 82 36 


apparent distance 

... 79 59 54". 

•’irst correction . 

... -j- 1 

19 


80 1 

13 

isoond correction ... 

... - 22 

4 

• 

79 39 

9 

rhird correction . 

.... 

0 

True distance ........ 

.... 79 39 

9 


METHOD III. 


.Half . 49 17...Co-tangent.., 

.Half . 16 18...Tangent. 

.Half . 40 0...Co-tangent.., 


9.9348 
9.4660 
0.0769 


Arch A. 16 42...Tangent.. 9.4770 

Sum . 56 42...Co-tangent... 9.8175 

Sun’s apparent altitude.. 32 59...Co-tangent... 0.1878 

Sun’s correction . 1' 20"..P. Log. . 2.1303 

First correction .* 1 19...P. Log. . 2.1356 


Difference. 23°18 , .«Co-tangent., 

Moon’s apparent altitude 65 35...Co-tangent., 

Moon’s correction . 23' 16". .P. Log. 

Second correction. 22 4...P. Log. ...., 


0.3659 

9.6570 

0.8885 

0.9114 


METHOD IV. 

O 9 

Apparent distance ... 80 0...Sine.. 9.9934...... 9.9934 

loon’s app. altitude... 65 35...Co-sine ... 9.6163 

iun’s apparent altitude 32 59...Co-sine.. 9.9237 

ium ...178 34 

lalf-sum . 89 17...Scant. 1.9028. 1.9028 

Irst remainder......... 56 18...Co-secant«. 0.0799 

eoond remainder. 23 42...Co-secant . 0.3958 

iun’s correction . 1' 20"..P. Log.. 2.1303 

loon’s correction. 23 16...P. Log. 0-8885 

Const. Ix)g. 9.6990...... 9.6990 

’irst correction. 1 11...P- Log. 2.1799 P.L. 4.0450 ., 

M t of correction. 22 5 


Moon’s corr.... 
Second oorr.... 
Fourth corr.... 


Sum ... 

App. distance. 


Sun’s corr... 
First corr... 
Third corr.. 


True distance.. 
.Second oorr. 1" 


o r n 

- 23 16 

- 1 

- I 

- 23 18 
79 59 54 

79 36 36 

+ 1 20 

1^1 

79 39 8 


METHOD V. 

O 9 91 

Apparent distance ......... 79 59 54 

Correction for refraction., -f 1 50 

Corrected distance. 80 1 44...8ine. 9.9934...Tangent... 0.7552 

Sun’s apparent altitude... 32 59 ...Co-secant... 0.2641.. 

Moon’s apparent altitude. 65 35 ...Co-secant . 0.0407 

Moon’s hor. parallax. 57 20...Pro. Log.... 0.4969-.. 0.4969 

First arch . 31 41...Pro. Log.... 0.7544 —— 

Second arch . 9 10.Pro. Log.... 1.2928 


Correction for parallax ... - 22 31....................... 23'... 1*1 (XXX V.) 

Corrected distance......... 80 1 44 Parallax in alt. 23 ... 1 j 


Third correction.. 


79 89 13 

0.. 


True distance79 39 13 
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To find the Mean Time at Greenwich . 

True distance (Method V.). 79°39' 13" 

Distance at Ohrs. by N. A... 79 35 6 Intermediate P. Log.... 2898 


Difference . 0 4 7.P. Log.... 1.6407 

h. m. s. - 

0 8 1.P. Log.... 1.3509 

Time of distance by N. A... 0 0 0 - 


Mean time at Greenwich ...0 8 1 


To find the Mean Time at Ship , and thence the Longitude . 

Of// o / * 

Sun's apparent altitude. 32 59 13 Sun’s declination, June 3 (P. II. N. A.) 22 16 5N. 

Sun’s correction (XVIII.)... — 1 20 Correction for 8m. Is. (XXI.) . + 2 


Sun’s true altitude. 32 57 53 Sun’s declin. at Greenwich mean time 22 16 7 

- 90 



Sun’s polar distance. 

_ AQoisar 


Polar distance. . . 

. 67 44 .... 

..Co-secant. 0.03366 


Latitude. 


..Secant. 0.01214 


Sum . 

Half-sum. 

Remainder . 

.114 11 

h. m. s. 

..Sine. 9.61144 



Apparent time at ship . 3 58 17...Log. 9.39228 

Equation of time . — 2 19 ■ m. s. 

■■ ■ Equation of time, June3, by N. A... 2 19.4 

Mean time at ship... 3 55 58 Correction for 8m. Is. (LI).. 0.0 

Mean time at Greenwich. 0 8 1 „ . ^ _ . rTTT 

_ Equation at Greenwich mean time.. 2 19.4 

Longitude in time ... 3 47 57 = 56° 59* 15" East. —— 


EXAMPLE II. 

August 10, 1835, in latitude 47° KV 80 v S., and longitude by account 
27° S(V W., when a chronometer, which was 6m. 42s. too slow for Green¬ 
wich mean time, shewed llh. 48m. 28s., the distance of the moon's remote 
limb from the Star Antares was observed to be 99° 48' 45"; at the same 
time the altitude of the moon’s lower limb was 26° IV 80", the altitude of 
the star (being westward of the meridian) 48° 2O'; the instruments properly 
adjusted, and the height of the observer’s eye 16 feet: required the true 
longitude. 


Time by chron. .. 
Chronometer slow. 

Mean time at 
Greenw. by chron. 


h. m. s. 
11 48 28 
+ 6 42 


)’s hor. par. at midn.. 56 30 




55 10 Obs. alt. )’s L. L*. 26 11 30 
■ ■ Dip of horizon...... — 3 50 


Star’s obs. altitude* 
Dip of horizon. 


48 20 0 
- 3 50 


26 

)’s augmen. semid. -f- 


7 40 
15 31 


D’s semid. at midn. — 15 W 
Augmenta. (VII.) + • 

>’saugm. semid.. — 15 5| 
Observed distance 99 46 » 

Apparent distance 99 33 U 


Star’s app. altitude. 48 16 10 ^’s app. altitude... 26 23 11 
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To find the true Distance . 


METHOD L 


(XXX.) 


y$ app. alt 26° 2(7, and hor. par. 5S'.. 48' 7" 

Parts for S' altitude . + 3 

Ditto for 3(7' parallax. + 27 

Moon’s correction .... 48 43 


Parts for Star’s apparent alt 48° 
Auxiliary arc .. 


(XXX.*) 
60° 13'26" 

+ ? 

+ * 

+ 0 

60 13 36 


Off* 

° ' " Sum of apparent altitudes... 74 39 21 

Star’s apparent altitude ... 48 16 10 Moon’s corr.(XXX.) 48'4J7'1, g 2 

Moon’s apparent altitude... 26 23 11 Star’s corr. (XVIII.) 0 51 J 

Sum of *pp. altitudes (A)... 74 39 21 Sum of true altitudes.^75 27 13 

Auxiliary arc ..(B)... 60 13 36 ________ 

Apparent distance ...(C)... 99 33 14 Sum of true zenith distances 104 32 47 


Sum of A and B.134 52 57...Versed... 05459 parts for seconds 198 

Diff. of ditto . 14 25 45...Versed... 31489 . 55 

Sum of B and C.159 46 50...Versed... 38192 . 86 

Diff. of ditto . 39 19 38...Versed... 26344 . 118 

Sum of true zenith dists...l04 32 47*..Versed... 50943 ... 221 

678 Sum of parts... 678 

Tjue distance . 98 48 46...Versed... 53205 


METHOD II. 


Star’s apparent altitude... 48 16 .... 
Moon’s apparent altitude. 26 23 .... 

Sum of apparent altitudes 74 39 f/ 
Moon’s correction4 W 43" 1 i 47 50 
Star’s correction 0 51 J • 


Sum of true altitudes. 75 26 52 

Half-sum.. 37 43 26 

Arch. 12 47 51 . 

Sum. 50 31 17. 

Difference .. 24 55 35. 


Oftt 

49 24 15. 
X 2 


98 48 30 
+ 14 


98 48 44 


. 48 16 

... 26 23 

Apparent distance. 99 33 


Sum.174 12 Log. difference 9.997013 

Half-sum. 87 6 ...Co-sine. 8.704090 

Difference . 12 27...Co-sine. 9.989665 


2)18.690768 


.Sine . 9.345384 


.Co-sine. 9.803313 

.Co-sine. 9.957536 


2)19.760849 


.Sine . 9.880424 


Seconds omitted. 
True distance.... 


N n 2 
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METHOD III. 

o t 

Star’s apparent altitude. 48 16 

Moon’s apparent altitude 26 23 

__ o t 


Sum ... 

... 74 39 . 

.Half. 

37 19 ...Co-tangent. 

Difference. 

... 21 53 .... 

.Half... 

10 56 ...Tangent.... 

Apparent distance ... 

... 99 33 14" 

.Half.. 

49 46(...Co-tangent. 

First correction. 

... + 0 44 





Arch A.... 

12 6 ...Tangent.... 


99 33 58 


- - 

Second correction. 

... - 45 12 

Difference. 

37 404...Co-tangent. 



Star's apparent altitude 48 16 ...Co-tangent.. 


98 48 46 

Star's correction. 

O' 51"... P. Log. 

Third correction ...... 

.... - 1 





First correction. 

0 44 ...P. Log. 

True distance . 

.... 98 48 45 


■■ 



Sum ..... 

61° 52 4'.«Co-tangent. 



Moon's app. altitude... 

26 23 ...Co-tangent. 



Moon's correction. 

48' 43",..P. Log. 



Second correction. 

45 12 ...P. Log. 


METHOD IV. 

o * 


Apparent distance..... 
Moon's app. altitude.. 
Star's app. altitude .. 

. 99 33...Sine. 

. 26 23...Co-sine. 

. 48 16...Co-sine... 

9.9939.... 

9.9522 

.. 9.9939 

.. 9.8233 

Moon’s corn... 
Second corr.... 
Fourth corr.... 

Sum . 

.174 12 



App. distance.. 

Star's corr. ... 

First corr. 

Third corr. ... 

True distance. 
..Second oorr. 7" 

Half-sum .... 

First remainder . 

Second remainder. 

Star's correction . 

Moon's correction., 

. 87 6. -Secant . 

. 38 50...Co-secant... 
. 60 43...Co-secant.... 

. 0'51"..P. Log. 

. 48 43...P. Log. 

Const. Log.. 

1.2959.. .. 
0.2027 

0.5676 

9.6990.. .. 

.. 1.2959 

.. 0.0594 
... 2.3259 

.. 9.6990 

First correction. 

. 3 30...P. Log.. 

1.7113 P.L. 3.1974., 

Diff. of corrections..... 

. 45 13 





0.1179 

9.2859 

9.9278 

9.3311 


.. 0.1128 
.. 9.9504 
.. 2.3259 


.. 2.3886 

.. 9.7280 
.. 0.3045 
.. 0.5676 


0.6001 


o t n 

- 48 43 

- 7 

- 17 


- 49 7 
99 33 14 


98 44 7 
+ 51 

+ 330 
+_ 16 

98 48 44 


METHOD V. 

O t ft 

Apparent distance. 99 33 14 

Correction for refraction. + 2 31 


Correoted distance.. 99 35 45...Sine . 9.9939...Tangent.... 0.7718 

Star's apparent altitude.. 48 16 ...Co-secant... 0.1271 

Moon's apparent altitude 26 23 ...Co-secant....... 0.3523 

Horizontal parallax . 56 30...Pro. Log.... 0.5032.. 0.5032 


First arch . 42 46...Pro. Log.... 0.6242 

Second arch . 4 15.....Pro. Log. 1.6273 


Correction for parallax... — 47 1.47'... 17 I , Y yyv v 

Corrected distance . 99 35 45 Parallax in alt. 51... 16 J lAAAV ) 


98 48 44 

- 1 . 


98 48 43 


Third correction 
True distance .. 


1 
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To find the Mean Time at Greenwich. 

O h II 

True distance (Method V.). 98 48 48 

Distance at IX. hours by N. A.... 97 19 48 Intermediate Pro* Log.*. 2688 


Difference. 1 35 55 .Pro. Log... 2734 

h. m. s. — 

9 57 52 Pro. Lpg... 0052 

Time of distance by N. A. 9 — 


Mean time at Greenwich . 11 57 52 


To find the Mean Time at Ship , and thence the Longitude , by the 
Lunar Observation and Chronometer . 


° f " h. m. s. 

Star’s apparent altitude . 48 16 10 8tar’s right ascension, January 1834 16 19 14 

Refraction (IV. or XVIII.)... — 51 Annual variation -f 3s. 66 X 14 = + 


Star’s true altitude ... 48 15 19 Star’s right ascension, August 1835, 16 19 19 


h. m. 8. 0 9 0 

Sun’s right asceu Aug. 10, \ Q lft a Star’s declination, January 1834. 26 3 18S. 

(P. IL N. A.).... J " 15 * Annual variation + 8". 53 X 1* = + 13 


Correc. for 11 h. 58m. (XXII.) -f 1 53 ■ 

■ Star’s declination, August 1835. 26 3 31S. 

Sun's R,A. at Greenw. time... 9 20 2 90 


Star’s polar distance. 


63 56 29 


o / 


Star’s true altitude...... 

Starts polar distance ... 
Latitude .... 

.... 48 15 
.... 63 564.... 
..*• 47 104 .... 

..Co-secant. 

..Secant. 

. 0.04656 
. 0.16764 

Sum. 

Half-tnm _.......... 

....159 22 
.... 79 41 ..... 

..Co-sine ..... 

. 9.25307 

Remainder . 

.... 31 26 ..... 

..Sine........... 

. 9.71726 

Star's diet, from merid. 
Star’s right ascension.. 

3 4 U)W... 
16 19 19 

-Log-. 

. 9.18453 


- m. s. 

Right ascen* of merid.. 19 23 29 Equation of time, Aug. 10, by N. A. 5 9.5 
Sun’s right ascension... 9 20 2 Correction for llh. 58m. (LL) ...... —4.5 


Apparent time at ship. 10 3 27 Equation at Greenwich time 
Equation of time . 5 5 


Mean time at ship. 10 8 32 Aug. 10. 


Mean time at ) 
Greenw. by chron.) 

Longitude in time) 
by chronometer...) 


h. m. s. 

10 8 32 

11 55 10 


1 46 38=26°39' 30" W. 
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EXAMPLE III. 


January 7, 1835, in latitude 24° 32' N., and longitude by account 
35° 15' W., about 6h. 52m. P. M., the observed angular distance of the 
moon's remote limb from the centre of the Planet Mars was 72° 42' 15'; 
at the same time the altitude of the planet's centre was 27° 12' (East of the 
meridian), and the altitude of the moon's lower limb 71° 49^; the height 
of the observer's eye being 24 feet, and the index error of the sextant with 
which the distance was taken, + 2' 15": required the true longitude of the 
ship. 

h. m. 1 " • ” 


Time at ship. 6 52 P.M. 

Long, in time by ac. 2 21 W. 

Green w.time by ac. 9 13 

o f ft 

Mars* obs. altitude 27 12 0 
Dip 5f horizon ... — 4 42 

Mars* app. altitude 27 7 18 


Moon’s hor. par. midn. 54 11 

o t tt 

Obs.alt.moon’sL.L. 71 49 0 
Dip of horizon ... — 4 42 


71 44 18 

Moon’s aug. semid. -f- 15 1 


Moon’s app. alt.... 71 59 19 


Moon’s semid., midn... 14 46 
Augmentation (VII).. -f 15 


Moon’s aug. semid. — 

u 

Obser. distance! _-o 
Ind.ere.+2'15"J- 73 


15 1 
44 80 


Apparent distance. 72 29 29 


Refrac. for Mars* alt. 
Mars* parallax in I 
alt. (XLV1II.) j 


V 51 * 
12 


Mars’ correction... 1 39 


METHOD I. 


(XXX.) 

t n 


)*• app. alt. 71° 50 / , and hor. par. 54'... 16 21 

Parts for 9" altitude. + 2 

Ditto for 11" parallax... -j- 4 

Moon’s correction... 16 27 


(XXX*.) 

O t ft 


Parts for Mars* app. altitude 27°, 
and hor. par. 14'' (L.) . 


} 


60 28 29 
+ 1 
+ « 

+ 4 


Auxiliary arc 


60 28 40 


o t tt 

° ' " Sum of apparent altitudes... 99 6 37 

Moon’s apparent altitude... 71 59 19 Moon’s corr. + 16' 27"... > , u 4g 

Mars’ apparent altitude ... 27 7 18 Mars* core. — 1 39 ... ) 

Sum of app. altitudes (A)... 99 6 37 Sum altitudes . 99 21 25 

Auxiliary arc.. (B)... 60 28 40 ^5?_ 

Apparent distance ... (C)... 72 29 29 Sum of true zenith dists. ... 80 38 35 

Sum of A and B .159 35 17...Versed... 37181 parts for seconds 28 

Diff.of ditto . 38 37 57...Versed... 18661 . 173 

Sum of B and C .132 58 9...Versed... 81573 32 

Diff.of ditto . 12 0 49...Versed... 21853 52 

Sum of true zenith dists.... 80 38 35...Versed... 37248 ..... 167 

452 Sum of parts ... 452 


True distance 


72 21 36...Versed... 96967 
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METHOD II. 

© 0 H O I It 

Moon’s apparent altitude. 71 59 19.71 59 19 

Mara* apparent altitude... 27 7 18....27 7 18 

■ Apparent dist... 72 29 29 

Sum of apparent altitudes 99 6 37 - 

Moon's corn -}- 1(P 27" 1 , .. Sum ..171 36 6 Log. difference 9.993660 

Mari* corr.. - 1 39 14 ™ Half . 85 48 3...Log. cosine... 8.864652 

- Difference. 13 18 34.. •Log. co-sine... 9.988176 

Sum of true altitudes...... 99 21 25 - 

- 2) 18.846488 

Half. 49 40 42 -- 

Arch. 15 22 1.Sine . 9.423244 


Sum. 65 2 43.Co-sine. 9.625212 


Difference . 34 18 41.Co-sine. 9.916973 


2) 19.542185 

o 9 n __ 

36 10 484 .Sine . 9.771092 

+ 2 --- 


True distance............... 72 21 37 


METHOD V. 

o t n 


Apparent distance. 72 29 29 

Correction for refraction, + 1 57 


Corrected distance. 

72 31 26...Sine . 

... 9.9795...Tangent... 0.5019 

Mars' apparent altitude . 

27 7 18...Co-secant 

... 0.3412 

Moon’s apparent altitude 71 59 19...Co-secant. 


Moon’s hor. parallax. 

54 11...Pro. Log. 

... 0.5214. 0.5214 

First arch . 

25 54...Pro. Log. 

... 0.8421 

Second arch .. 

16 13.. 


Correction for parallax... 

- 9 41. 

.Iff... 0" 

Corrected distance.. 

72 31 26 Parallax in altitude 17... 1 


72 21 45 


Third correction .. 

-f 1. 

.. 1 


72 21 46 


Corr. for Mars* parallax . 

- 12 


True distance.. 

. 72 21 34 



To find the Mean Time at Greenwich . 

True distance (Method V.). 72° 2V 34" 

Dist at IX.hrs.by N. A... 72 27 40 Intermediate P. Log.... 2941 


Difference... 6 6. P. Log.... 1.4699 

h. m. s. -- 

0 12 1.P. Log.... 1.1758 

Time of distance by NA... 9 0 0 ■ — 


Mean time at Greenwich... 9 12 1 Jan. 7. 
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To find the Mean Time at Ship , and thence the Longitude . 



o 

t 

tt 

Sun’s R. A., Jan. ? (P. II. N. A.] 

h. 

to. 

8. 

Man* apparent altitude.. 

Refractfdn;... 

... 27 

7 

18 

) 19 

11 

47 

... — 

1 

51 

Correction for 9h. 12m. (XXII.X... 

- 4- 

1 

41 


27 

5 

27 

Sun’s R. A. at Greenwich time ... 

. 19 

13 

28 

Parallax In altitude (XLVIJI) 

... 

+ 

12 


— 

— 

— 

Man* true altitude. 

... 27 

5 

39 






h. to. a. 

Hars* R. A n Jan. 7, 6 43 26 <P.291,N.A.) 
Ditto, v Jan. 8, 6 41 44 


o t tt 

Man* dec. Jan. 7, 27 0 35 N. (P.291 ,NA.) 
Ditto, Jan. 8, 27 2 53 N. 


Var. in 24 houto.. 1 42 Log. 1.1498 

Greenwich time.9h. 12m. Log. 0.4164 


Var. in 9h. 12m.- 0 39 Log. 1.5662 

Man’ R. A., Jan. 7, 6 43 26 - 


Var. in 24 hours... 2 18 Log. 1.0185 
Greenwich time... 9h. 12m. Log. 0.4164 

Var. in 9h 12m. -f- 0 53 Log. 1.4349 
Man’ dec. Jan. 7, 27 0 35 N. - 


Ditto at Greenw. time 6 42 47 


Ditto at Green¬ 
wich time 


“1 27 
90 


1 28 N. 


Man’ polar diet... 62 58 32 


o 


Man* true altitude. 

Man* polar distance . 

Ship’s latitude... 

... 27 51 
... 62 581. 
... 24 32 . 


0.05022 

0.04109 

Sum... 

...114 36 



Half-sum. 

Remainder ... 

... 57 18 . 
... 30 12 4 , 


9.73259 

9.70169 

Man* meridian distance... 
Man* right ascension. 

... 4 43 8E..Log.. 

... 6 42 47 

9.52559 


Right ascension of meridian. 1 59 39 

24 

- . » m. i. 

25 59 39 Eq. of time, Jan. 7, by N. A. 6 27.1 

Sun’s right ascension. 19 13 28 Corr. for 9h. 12m.(Ll.) ..... -j- 9.9 


Apparent time at ship . 6 46 11 Eq. at Greenwich time. 6 37.0 

Equation of time. + 9 37 - 


Mean time at ship.. 6 52 48 Jan. 7. 

Mean time at Greenwich ... 9 12 1 Jan. 7. 


Longitude in time 


2 19 13 =34° 48'15" W. 
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EXAMPLE IV. 


September IS, 1855 (civil time), in latitude 4T 5 45 / N., and longitude 
by account 15' W., the following sets of altitudes and distances were 
observed at about llh. 10m. A. M. ship-time, in order to determine the 
true longitude; the corresponding times being taken by a chronometer, 
which was at the time of observation 32m. 48s. fast for mean time at 
Greenwich, and was gaining 14s. per day; the height of the observer's eye 
being 20 feet, and the errors of the instruments previously ascertained. 


Times by chron. Obs.alts. ©’s L. L. Obs.alts. )*s U. L. Obs. distances. 


h. m. s. 

O t it 

O 9 99 

O 9 99 

8 15 45 

44 43 0 

12 29 15 

104 38 10 

17 10 

49 15 

12 10 0 

37 25 

18 17 

54 30 

11 55 30 

36 40 

19 23 

56 15 

11 42 0 

35 50 

20 10 

59 0 

11 31 0 

35 5 

5) 90 45 

262 0 

59 47 45 

183 10 

Means. 8 18 9 

44 52 24 

11 57 33 

104 36 38 

Chronometer fast.. — 32 48 

+ 1 30 

- 1 10 

— 0 15 Ind.errs. 

1 r 45 21 Sept. 13. 44 ““ 

11 56 28 

104 36 23 


9 tt 


9 99 

Moon’s hor. par. at noon, Sept. 18... 

54 10 Moon’s semidiam. 

at noon, Sept. 13.. 14 46 

Ditto at midn. Sept. 13... 

54 12 

Ditto 

at midn. Sept. 13.. 14 46 


Difference in 19 hours . 2 Difference in 12 hours . 0 


19h. : 2" :: 8h. : + 1" 12h. : 0" :: 8h. : 0 

Moon’s hor. par. at noon, Sept. 13 ... 54 10 Moon’s semidiam. at noon, Sept. 13... 14 46 


Ditto at Greenw. mean time 54 11 Ditto 

o / tt o t tr 

Obaalt. son’s LU 44 53 54 Obaalt.moon’aU.L. 11 56 23 

Dip of horizon ... — 4 17 Dip of horizon. — 4 17 

44 48 37 11 52 6 

Sun’s semidiam... -f 15 56 Moon’s aug. semid. — 14 49 


at Greenar. mean time 14 46 
Moon's augmentation -f 3 

Moon’s aug. semid. -f 14 49 
Sun’s semidiameter -j- 15 56 
Observed distance 104°36 23 


Apparent distance 105 7 8 


Son’s app. alt. 45 5 33 Moon’s app. alt. ... 11 37 17 


To find the true Distance . 



METHOD L 


)*s app. alt. 11° 80^ and hor. par. 54' 

Parts for V altitude. 

Ditto for 11" parallax .. 

_ 

(XXX.) 

... 48'20". 

(XXX.*) 

,. 60° 5' 19" 

••• + *. 

... ^ 11 

- Parts for sun’s app. alt. 45° . 

... 48 33 

,. + 4 

.. -f 1 

- + ^ 


■ 11 Auxiliary arc . 

.60 5 28 
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o t n 

° / v Sam of apparent altitudes. 56 42 50 

Moon’s apparent altitude . 11 37 17 Moon’s com (XXX) + 48' 33" 1 , 47 

Sun’s apparent altitude ... 45 5 83 Sun’s com (XVIII.) — 51 )"* 

Sum of app. altitudes (A). 56 42 50 Sum of true altitudes. 57 30 32 

Auxiliary arc. (B). 60 5 28 1??_ 

Apparent distance ... (C). 105 7 8 Sum of true zenith distances.122 29 28 

Sum of A and B ..116 48 18...Versed. 50878 parts for seconds 78 

Diff. of ditto . 3 22 38...Versed. 01726 . 12 

Sum of B and C .165 12 36...Versed. 66823 . 44 

Diff. of ditto . 45 1 40...Versed. 93099 . 139 

Sum of true zenith dists.... 122 29 28...Versed. 37054 . 114 

387 Sum of parts... 387 

True distance .104 28 32...Versed. 49967 


METHOD V. 

o / » 

Apparent distance.........105 7 8 

Correction for refraction, -f 4 12 

Corrected distance.105 11 20...Sine . 9.9846...Tangent.... 0.5664 

Sun’s apparent altitude.. 45 5 33...Co-secant... 0.1498 

Moon’s apparent altitude 11 37 17...Co-secant.. 0.6960 

Moon’s hor. parallax. 54 11...Pro. Log.... 0.5214. 0.5214 

First arch .. 39 46...Pro. Log.... 0.6558 

Second arch .. 2 58...Pro. Log. 1.7838 

Correction for parallax... — 42 44.*.43'... 16" l , YYYV 

Corrected distance .105 11 20 Parallax in alt. 53 ... 13 p AAAV > 

104 28 36 

Third correction . — 3... 3 

True distance .104 28 33 

Distance at VI. hours ...105 15 46 Intermediate Pro. Log. 3461 

Difference... 47 13.Pro. Log. 5812 

b. m. a. 

1 44 45.Pro. Log. 2351 

Time of distance from N. A. 6 

Mean time at Greenwich. 7 44 45 Sept. 13 
24 

Ditto.31 44 45 past noon, Sept. 12 

The 8un being too near the meridian at the time of taking the distances* 
to infer the time from its altitude, the following observations were made at 
about 4h. 5m. P. M. ship time, in order to determine the error of the chro¬ 
nometer at the meridian of the ship; the latitude being then 47° 8'N., the 
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longitude by account 128° 82' W., the height of the observer’s eye 20 feet, 
ana the eiror of the sextant V10" to subtract: required the longitude of 
the ship by chronometer and lunar observation wnen the altitudes were 
taken. 

Times by Chro. Obs.Alts.0'sL.L. 


h. 

m. 

s. 

0 

1 

n 

13 

11 

15 

21 

42 

20 


12 

30 

21 

26 

20 


13 

26 

21 

15 

50 


15 

0 

20 

57 

5 


16 

19 

20 

44 

20 

5)_ 

68 

30 

106 

5 

55 

13 

13 

42 

21 

13 

11 

— 


3 

— 

1 

10 

13 

13 

39 

21 

12 

1 

- 

32 

48 

- 

4 

17: 


un’s dedin. Sept. 13. \ 

CP.II.N.A.).:..( 8 59 

Jorrec. for 12h. Om. 1 ,, 

(XXI.).J- 11 


Correc. 1 
(XXI, 

Correc. for Oh.41m...* — 


0 

8 N. 

37 

41 


Sun's declination at 
Greenwich time 


* 1 3 46 SON. 
' 90 


Mean time at Greenw. by chron. 12 40 51 21 7 44 

Correction Table XVIII. — 2 18 


21 5 26 

Sun's semidiameter . -f 15 56 

Sun's true altitude. 21 21 22 


Sun's polar distance... 86 13 10 


m. s. 

Equation of time Sept. 13, l 3 5 g 9 

by N.A.) 

Corr. for 12h.41m.(LI)... -f 11.2 

Equation at Greenw. time 4 10.1 


Sun's polar distance.. 86 13.Co-secant 0.00095 

Ship's latitude . 47 8 .Secant... 0.16730 

Truealtitude . 21 214 


Sum .154 42( 


..Co-sine... 9.34043 
..Sine. 9.91853 


Half-sum . 77 21 

Remainder . 55 591 

h. m. s. - 

Apparent time at ship . 4 9 7 .Log.. 9.42721 

Equation of time. — 4 10 - 


h. m. s. 

4 57 Sept. 13. 4 4 57 


Mean time at ship. 4 

Mean time shewn by chron. when I 1Q 1Q qq Alean time at m.i 

the above alt. was observed. f 1 * ™ Greenw. by chron. f ** w 01 

Chron. fast for mean time at ship... 9 8 42 Long.intimebychr. 8 35 64=128 58 30W. 
Time by chro. when diet, was taken 32 18 9 past noon. Sept. 12. 


Sept 12. 
Sept 12. 


Mean time of obs. distance at ship .23 9 27 ditto, 

M«n time at Greenwich when the U, 41 45 ^ 

distance was taken .I ___^ 

longitude in time where the above \ ltt _ , OQO AQ/ ... 

error of chronometer was found J * ** lg “ 4ir m W * 

Note. The above being the longitudes deduced from the chronometer 
and lunar observation, bt 4h. 4m. 57s. mean time at the ship, September 13, 
that is when the altitudes for time were taken, they may be reduced to ’ 
noon, or any other time of the day, by the log. 

O o 2 























884 ON FINDING THE LONGITUDE BY LUNAR OBSERVATIONS. 


Thus, suppose it were required to find the longitude of the ship when 
the distances were observed. By comparing the longitudes by account at 
both observations, it appears that the ship has made 43 miles of longitude 
to the East; which, being added to 128? 49 / 30" W., the longitude by the 
lunar observation, when the altitudes were observed for time, gives the 
longitude 129° 32' SO" W. when the distances were taken; the longitude 
by the chronometer at that time being 129° 41' SO" W. 


EXAMPLE V. 


March 16,1835, in latitude 36° T S., and longitude by account 32° East, 
the following altitudes of the sun's lower limb were observed at about 
4h. 50m. P. M. ship-time, with the corresponding times taken from a chro¬ 
nometer that was 5m. 48s. fast for Greenwich mean time, when the altitudes 
were observed, and was gaining daily 2.5s.; the height of the observer's 
eye being 18 feet, and the error of the instrument 0 7 30" to be subtracted: 
required the mean time, and error of the chronometer for the meridian of 
the ship, likewise the longitude of the ship by the chronometer. 


Time* by Chro. Alts, of 0's L. L. 

h. m. 8. ° ' " ° ' n 

2 46 SO 17 35 30 Obs.alu>f sun’s L.L. 17 4 47 

47 56 17 17 30 Dip of horixon. - 4 4 

49 5 17 4 10 - 

50 15 16 49 50 17 0 43 


51 9 *16 39 25 Corr.from T.XVIII. - 2 56 


5) 244 55 


Mean of times by chro. 2 48 59 
Chronometer fast ... — 5 48 


5) 85 26 25 


Mean. 17 5 17 

Index error ... — 30 


16 57 47 

Sun's semidiameter -f 16 5 


Sun's true altitude. 17 13 52 


Mean time at Green. L 43 11 
by chronometer... j 


Sun's dec. (P. II. N. A.). 

Corr. for 2 h. 43m. (XXI). 


Ohs. alt of L.L. 17 4 47 


0 • " m. s. 

1 64 28 S. March 16. Eq. of time by N. A. 8 68 .1 
- 2 38 Corr. for 2 h. 43. (LI). - 2.0 


Sun's dec. at Greenwich time. 1 51 60 S. 

90 


Eq. at Greenw. time. 8 56.1 


Polar distance. 88 8 ...Co-secant... 0.00023 

Ship's latitude.36 7 ...Secant. 0.09269 

True altitude.17 14 


Sum 


141 29 


Half-sum .. 70 44£ ...Co-sine ... 9.51828 

Remainder. 53 304 ...Sine. 9.90523 

h. m. s. - 

Apparent time at ship. 4 89 43 ...Log. 9.51643 

Equation of time .. -f- 8 66 ■ 

- b. m. s. 

Mean time at ship . . 4 48 39 March 16 . 4 48 39 

Mean of times by chronom.... 2 48 59 Mean time at Gr. byehro. 2 43 11 


Chro* slow for mean time at ship 1 59 40 Long, in time by chron- 2 5 28=31° 22 * E. 
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In the evening the following observations were made of die moon and 
the Star Regidus (or a Leonis:) required from thence the longitude of 
the ship when the altitudes were taken, to ascertain the error of the chro¬ 
nometer for ship-time. 

Time* by Chron. Alta, of Mood** L.L. Altaof#Rcgu)as. Blit. y% ILLikxn % 



h. m. s. 

0 1 

n 

Oft! 

0 

/ a 


7 32 30 

25 56 

0 

38 55 0 

55 

3 20 


34 14 

26 19 

0 

39 2 0 


4 10 


35 50 

26 44 

0 

39 10 0 


5 5 


37 17 

27 1 

0 

39 14 0 


5 40 


39 19 

27 35 

0 

39 23 0 


6 35 

8) 

179 10 

133 35 

0 

195 44 0 

24 50 

Mean of times by chron. 

7 35 50 

26 43 

0 

39 8 48 

55 

4 58 

Chro. gained in interval 

- 0.5 

+ * 

0 

- 3 20 


— 30 Ind. er 


7 35 49.5 

26 45 

0 

39 5 28 

55 

4 28 

Chron dot# for merid.ofl 


■ - 

— 


— 

—■ — 

ship where time-alts. > 

•1 59 40 





h. m. s. 

were observed...) 


Mean of times by chronometer 

. 7 35 50 

Mean time at that mer. 1 


Chron. fatt for Greenw. time.. 

. - 5 48 

when dist. was obs... j 

9 35 29.5 

Chron. gained in 5 hours. 


. — 0. 


Mean time at Greenw. by chron. 7 SO 1.5 


Moon’s horizontal parallax at noon.. 

Ditto at midn.. 


# H 

60 37 
60 36 


Moon’s seinidiameter at noon . 16 31 

Ditto at midnight ... 16 31 


Difference in 12 hours 


1 Difference in 12 hours 


12h. : l" : s 74h. : 1" 
Moon’s horizontal parallax at noon... 60 37 

Ditto at Greenwich mean time. 60 36 


12h. : 0" :: 7J : 0" 


Moon’s semidiameter at noon ......... 16 31 

Ditto at Greenwich mean time. 16 31 

Moon’s augmentation (VII)..... -f- 7 


o / u 

Observed altitude moon's L. L.... 26 45 0 
Dip of horizon . — 4 4 

26 40 56 

Moon’s augmented semidiameter.. 4- 16 38 
Moon’s apparent altitude...'. 26 57 34 


Moon's augmented semidiameter . — 16 38 
Ohs. dist.of moon's remote limb... 55° 4 28 

Apparent distance . 54 47 50 

o t u 

Star’s observed altitude .. 39 5 28 

Dip of horizon ............. — 4 4 

Star’s apparent altitude . 39 1 24 


To find the true Distance . 

METHOD I. 

(XXX.) (XXX*.) 

Vs app. alt. 26° 5(7, and hor. par. SOO 51' 30"... 60° 14' 45* 

Pans for 8 'altitude . 4 - 7 . 4 - 4 

Ditto for 86* parallax..... 4- 32 ... 4- 9 

—■ 1 ■ 1 Parts for star’s apparent ah. 89° 4- 0 

Moon’s correction ... 52 9 - - - — 

— Auxiliary arc..... 60 14 58 
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o t it 


Moon’s apparent altitude , 


. 26 

57 

34 

Star’s apparent altitude... 


. 39 

1 

24 

Sum of app. altitudes . 

.(A).. 

. 65 

58 

58 

Auxiliary arc.. 

.(B).. 

. 60 

14 

58 

Apparent distance. 

•(C).. 

. 54 

47 

50 


oil* 


Sum of apparent altitudes. 

Moon’s corr. (XXX)... + 9" 

Star’s corr. (XVIII)... - 1 10 


. 65 58 58 
| + 50 39 


Sum of true altitudes. 66 49 57 

180 


Sum of true zenith distances.113 10 3 


Sum of AandB......126 13 56... Versed. 90840 parts for seconds...... 219 

Diff. of ditto . 5 44 0... Versed. 05002 . 0 

Sum of B and C...115 2 48... Versed. 23146 . 210 

Diff. of ditto . 5 27 8... Versed. 04520 . 3 

Sum of true zenith dists.113 10 3... Versed. 93407 . 31 


445 .Sum of parts ... 445 

o / it _______ _ 

True distance. 54 21 49... Versed. 17360 


METHOD V. 


o t It 

Apparent distance . 54 47 50 

Correction for refraction. -j- 1 7 


Corrected distance . 54 48 57...Sine . 9.9124...Tangent... 0.1518 

8tar’s apparent altitude . 39 1 24...Co-secant... 0.2010 

Moon’s apparent altitude . 26 57 34...Co-secant. 0.3436 

Moon’s hor. parallax . 60 36...Pro. Log.... 0.4728... 0.4728 


First arch... 46 41...Pro. Log.... 0.5862 - 

Second arch .. 19 22.Pro. Log... 0.9682 


Correction for parallax . — 27 19.27'... 4") /YYYV . 

Corrected distance . 64 48 57 Parallax in altitude 54 ... 18 jLAAAV.j 


54 21 38 — 

Third correction . -f 14... 14 


True distance . 54 21 52 

Distance at VI h. by N. A....... 53 26 58 Intermediate Pro. Log.... 2080 


Difference... 54 54.Pro. Log.... 5157 

-h. m. s. - 

1 28 38...Pro. Log.... 3077 
Time of distance from N. A. 6 


Mean time at Greenwich .. 

Ditto at ship by chronometer when the 

distances were observed.. 

Long, in time at the place where the alts, 
were obs. to find the error of the chron. 


7 28 38 March 16. 

9 35 29.5 March 16. 

2 6 51.5 = 31°42'52" E. 


When the time under the meridian of the ship cannot be found from 
altitudes taken with the distances, as is the case in the fourth and fifth 
Examples, the observer may, instead of finding the error of the watch or 
chronometer by altitudes taken before or after the distances, note the times 
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by a chronometer at both observations, by which he will obtain the interval 
of time between those observations; this applied to the mean time at the 
ship when altitudes were observed for time, will shew the time under that 
meridian when the distances were taken; to which tlie longitude made 
during the interval, reduced to time, being applied, by adding or subtract¬ 
ing it, according as the ship's place, when the distances were observed, is 
east or west of its place when the altitudes for time were taken, the result 
will be the time at the ship corresponding to the place where the distances 
were observed: this compared with the time at Greenwich, will shew the 
ship’s longitude at the time of taking the distances. 

Suppose, for instance, that in the fifth Example, page 284, when alti¬ 
tudes of the sun were taken, about 4h. 50m. P. M., ship-time, the mean of 
the times shewn by a chronometer, gaining 2 . 5 seconds per day, was 
£h. 48m. 598., and the time by the same chronometer, when the distances 
were observed, 7h. 35m. 50s., the ship having, between the observations, 
made 48 miles of longitude to the eastward; we may proceed, as follows, to 
find the time at ship when the distances were taken, and thence the longi¬ 
tude at that time. 

h. m. s. 

Mean time by chronometer when the sun’s altitudes were observed 2 48 59 
Meau time by chronometer when the distances were observed. 7 35 50 

Interval of time by chronometer . 4 46 5! 

Proportional part of rate or daily gain of chronometer during the \ _ a e 

above interval...j 


Interval corrected for rate of chronometer .. 4 46 50.5 

Mean time at ship when sun’s altitudes were observed. 4 48 39 


Mean time at the above meridian when the distances were observed. 9 35 29.5 
Change of longitude (in time) during the interval 48* E.-f 3 12 

Mean time at ship, corresponding to the place where the distances 19 33 4] 5 

were observed.) 

Mean time at Greenwich when the distances were observed. 7 28 38 

■ o / // 

Longitude of ship when the distances were observed. 2 10 3.5=32 30 52E. 


In the preceding Examples we have supposed altitudes to be taken at 
the same time with the distances; but circumstances may arise, Such as 
an undefined horizon, or want of assistants, which may prevent the altitudes 
of one or both the objects being observed: in these cases it will be necessary 
to compute the altitudes corresponding to the distances. 

For this purpose, take a set of altitudes when the object is at a proper 
distance from the meridian, either before or after the distances are observed, 
noting the times by a chronometer, or steady going watch, from which 
compute the apparent and mean time at ship; note also the times, by the 
same chronometer or watch, when the distances are observed; then, 
by means of the elapsed time, and the change of longitude during that 
interval, find the mean time at the place where the distances were observed, 
as explained above; corresponding to which, compute the altitudes by 
the following 












£8S ON FINDING THE LONGITUDE BY LUNAR DBS ROTATION*. 

Rules. 1 . Find the least meridian distance of the given object, which, 
if it be the sun, is the apparent time from the nearest noon ; but if die 
object be the moon, a planet, or star, then add the sun's right ascension to 
the apparent time : their sum (deducting £4 hours, if it exceed that time) 
will be the right ascension of the meridian; the difference between which and 
the right ascension of the object, in time, will be its meridian distance; but 
should the remainder exceed 1£ hours, subtract it from £4 hours, to give 
the least meridian distance. 

£. Add together the log. rising of the meridian distance (XXIX.), the 
log. co-sine of the latitude (XXV.), and the log. co-sine of the declination. 

3. Find the natural number corresponding to the sum of these three 
logarithms (XXIV.), rejecting the tens from the index, and add it to the 
natural versed sine (XXxVI.) of the difference of the declination and 
latitude, when they are of the same name—or of their sum, when of con¬ 
trary names ; the sum will be the natural versed sine of the true zenith 
distance, which subtracted from 90°, will give the true altitude*. 

4 If the object be the sun or a star, their correction from Table XVIII. 
added to the true altitude, will give the apparent altitude; if it be a planet, 
the refraction (IV.) is to be added, and the parallax in altitude (XLvIII.) 
is to be subtracted from the true altitude; but should the moon's apparent 
altitude be required, the correction taken from Table XXX., with the 
true altitude and horizontal parallax, is to be subtracted from the true 
altitude.-f* 

Note. The right ascension and declination of the sun, moon, or a planet, 
and the moon's horizontal parallax, are to be taken from the Nautical 
Almanac, and reduced to Greenwich time of observation. The right 
ascension and declination of a star are to be taken from Table XIII., and 
reduced to the given year and month. 

Here follow two Examples, in which the apparent altitudes are found 
by the above Rules. 


EXAMPLE VI. 

April 4, 1835 (civil time), in latitude ISMO'N., and longitude by 
account 6£° 86' E., about 8h. 10m. A. M, ship-time, the observed altitude 
of the sun's lower limb was 31° 47' 10"; a chronometer, whose daily rate 
was 16 seconds losing, at the same time shewing 4h. £m. 46s., the neigbt 
of the observer's eye being 18 feet, and the error of the sextant 4 £ SO*- 
On the same morning, when the above chronometer shewed 6h. Sim. 58s., 
the distance between the sun and moon was observed to be 66° £fr £0*, the 
ship having, since the first observation, made 1£ miles of latitude to the 
South, ana 36 miles of longitude to the West, the height of the eye and 
index error as before: required the longitude of the ship at the time the 
distance was observed. 

• In this operation the log. co-sines are to be taken out to five places of decimal 
only, and the natural versed sines to the firtt five decimal figures in the Table. 

+ Tbe result of the above will be the approximate apparent altitude; and if greater sees- 
racy be required, the moon’s correction should be again taken out with the approarimsH 
apparent altitude, and applied to the trne altitude, instead of the former correction. 
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lu m* 

Apparent time at ship.. 20 10 April 3. 

Longitude by account in time 4 10 E: 

App. time at Greenw. by acc. 16 0 
Equation of time. + 3 

Mean time at Greenw. by acc. 16 3 April 3. 


o in 

Observed alt. of sun's lower limb.. 31 47 10 


Index error to be added .. + 2 30 

31 49 40 

Corn f r o m Thble IX. 4-10L 4=... 4" ^ 24 
Sun's true altitude . 32 0 4 


h. m. s. 

Time by chron. when the sun’s 1 . 9 4 (t 

altitude was observed...| * 40 

Ditto when distance waa observed . 6 31 58 


Interval of time between theobs.... 2 29 12 
Pro. part of rate during the interval 4- 2 

Interval corrected for.rate..... 2 29 14 


o tv 

Sun'sdeclin. April3,<P.II,N.A.) 6 8 4IN. 
Cor. for Gr. time 12h. Om.(XXI.) -f- l 1 31 
Ditto ditto 4h.3m.-f 3 50 

Sun’s dedin. at Greenwich time.. 5 24 2N. 

90 


Sun’s polar distance.. 84 35 58 


Suu’s polar distance...... 84 36...Co-secant... 0.00193 

Ship’s latitude .. 15 10...Secant. 0.01540 

Sun’s true altitude . 32 0 


Apparent time at 
tun’s altitude 
Equation of time .' 4- 


.131 

46 


65 

53.. 

..... 

33 

53. 

h. 

m. 

* 8 . 

3 

53 

6. 

24 



20 

6 

54 . 

+_ 

3 

18 

20 

10 

12 

2 

29 

14 


9. 74625 
9.37487 


Correction for 12h f 0m. (LJ-) 
Ditto 4h. 3m. . 


Mean time at above place when the) «« 39 26 

distances were observed ..j 

Change of longitude 36' W. in time. — 2 24 Equation at Greenwich time 

Mean time at place of observing the dist. 22 37 2 April 3. 

24 


Ditto before noon... 1 22 58 April 4. 


in. s. 

.. 3 30.1 
- 9.0 
.. - 3.0 


3 18.1 


Tofind the SurCs apparent Altitude when the Distance was observed » 


o » 

Latitude when the sun’s alt. was obs. 15 10N. 
Dlff. of lat. made during the interval — 128. 

Latitude when the dist. was observed 14 58N. 

Wean time at ship when distance ) ^ Jl* o 

was observed. 61 2 

Long, of the ship in time (XIX.) 4 8 0E. 

Mean time at Greenwidi. 18 23 2 

P 


Long, by acc. when 0’salt.was oba. 62 86 E. 
Diff.of long, during the interval... — 


Long, by acc. when dist. was obs... 62 0 E. 


o / 

Sun’sdeclin. April3, (P.II.N.A.) 5 8 4IN. 
Cor.for Gr.time 12h. Om. (XXI ) 4“ H 31 
Ditto 6h. 29m..4~ 6 ^ 


Sun’s dedin. at Greenwidi time. 5 26 26N. 


P 


r 
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h. m. s. 

Time from noon. 1 22 58.-.Log. rising.,. £.81167 

Ship’s latitude. 14°58' N.Co-sine . 9.98501 

Sun’s declination . 5 264 N......Co-sine . 9.99804 


Nat. number... 


Difference .. 9 31$...Versed ...01379 

True senith distance ... 22 30 ...Versed .07612 

90 - 


.Log. 3.79472 


Sun’s true altitude. 67 30 

Refraction .. — 0 


Sun’s apparent altitude 67 30 


To find the Moon's apparent Altitude when the Distance was observed. 


h. m. s. ottt 

Moon’s R. A. at 18h. Apr. 8, 5 14 42 (P.V.N.A.) Moon’s dec. at ISh. Apr. 3, 23 56 37N. | £ £ 


Ditto atlOh..5 16 51 


Ditto, at 19h..24 1 32N. 1 


Variation in 1 boor . 2 9 Log.14457 Variation in 1 hour. 4 55 Log.1.0865 

Greenwich time after 18h... 29 2 Log.0.3153 Greenwich time after 18h>.. 29m. 2s- Logr.Q.3153 

h. m. s. - ° ' " _ 

Variation in 29m. 2s.-f- 1 2 Log. 1.7610 Variation in 29m. 2s. .... -f- 2 23 Log.14018 

Moon’s R. A at 18h. Apr. 3, 5 14 42 - Moon’s dec. at 18b. Apr. 3, 23 56 37N. -■ - ■ 

Ditto at Greenwich time .. 5 15 44 


Ditto at Greenwich time .. 23 59 ON. 


Mean time at ship. 

Sun’s right ascension. 

h* m. s. 
22 37 2 

0 50 41 

R. A of the meridian. 

23 27 43 

Moon’s R. A. at Greenwich time 

5 15 44 

Moon’s meridian distance. 

18 11 59 

Moon’s least meridian distance . 

24 

5 48 1. 


Moon’s hor. parallax at Greenwich time .... 54f 34* 


Sun’s right ascen. April 3 (P. II. N. A.).... 
Corn for Greenwich time, 12h. Om. (XXII). 

Ditto, 6b. 29m.. 


h. m. s. 
0 47 S3 
+ 1 49 
+ 059 


Sun’s right ascension at Greenwich time.... 0 50 41 


Ship’s latitude. 14° 58' N.Co-sine 

Moon’s declination . 23 59 N.Co-sine 


- Nat number .... 83653.Log.. 

Difference . 9 I . .Versed .01236 

True zenith distance.81 18$. .Versed . 84889 

90 - 

Moon’s true altitude. 8 414 

Corn from Table XXX. — 48 


4.97668 

9l98501 

9.96079 

4-92248 


Moon’s apparent altitude. 7 534 
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To find the True Distance (by Method V.), and thence the Longitude. 


O t ft 

Observed dist. by sextant 66 20 20 
Index error .. -f 2 30 


Dist. corr. for Index error 66 22 50 

Sun's semidiameter . -}- 16 0 

Moon's semidiameter ... -j> 14 52 
Moon's augmentation ... -j- 2 


Apparent distance. 66 53 44 

Correction for refraction, -f- 6 0 


Corrected distance.... 66 59 44...Sine . 9.9640...Tangent... 0.3721 

Sun's apparent altitude . 67 30 00...Co-secant... 0.0344 

Moon’s apparent altitude 7 53 30...Co-secant... . ...0.8623 

Moon's hor.parallax. 54 34...Pro. Log.... 0.5183.*...0.5183 


First arch .. 54 47...Pro. Log. ... 0.5167 

Second arch .. 3 11...Pro. Log... 1.7527 


Correction for parallax... — 51 36...52'...10" 

Corrected distance. 66 59 44 Parallax in altitude 54 ...11 j vAAAV.) 


66 8 8 — 

Third correction . -f 1..... 1 


True distance. 66 8 9 

Distance at XVIII. hours 65 54 23 Intermediate Pro. Log... 0.3391 


Difference ... 13 46 .Pro. Log... 1.1164 

— ■ h. m. s. ■ 

0 30 4... Pro. Log.... 0.7773 
Corr. for 0h.30m. and diff.of P.L. 10 (LIV.) + 2 11 " ■ — 


0 30 6 

Time of distance from N. A. 18 


Mean time at Greenwich ... 18 30 6 April 3. 

Mean time at ship, when dist. was observed 22 37 2 April 3. 


Long.of the ship when the dist. was observed 4 6 56 = 61°44 / 0" E. 


EXAMPLE VII. 

July 7,1835, at llh. 19m. P.M., apparent time, in latitude 40°54'N., 
and longitude by account 23° 36' W., the distance of the moon's remote 
limb from the star a Aquilae, or Altair, was observed to be 53° 12' 50"; 
and at 16m. 49s. after (as measured by a good watch), the ship being in 
nearly the same place, the observed altitude of the star y Pegasi, or Algenib, 
was 15° 58' East of the meridian, the height of the observer’s eye being 24 
feet, and the error of the sextant — 1' 45": required the true longitude of 
the ship. 
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,ToJind the Mean Time at Ship when the Star Jlgenib was observed . 


b. m. 

Apparent time at ship when) jv 19 

distance was observed.J 

Interval of time by watch . 4” 17 


Apparent time at ship when | 
star's altitude was observed ( 
Longitude by account, in time... 


11 36 P.M. 
1 34 W. 


Apparent time at Greenwich ) 
when star's alt. was observed j 
Equation of time ... 4- 5 


Mean time at Greenwich by acc. 13 15 

o t rt 

Star's declination Jan. 1834 ... 14 15 38N. 
Annual var. 4 - 20".05 x 1|= 4-30 


Star's declination, July 1835 ... 14 16 8N. 

90 


Star’s polar distance. 75 43 52 


h. m. a. 

Sun’s R. A. July 7 (P. II. N. A.) 7 3 21 
Correc. for Greenwich mean time, \ . o 1« 
13h. 15m. (XXII.). f + * 15 


Sun's R. A. at Greenwich time ... 7 5 37 

Of n 

Star's observed altitude . 15 58 0 

Index error . — 1 45 

15 56 15 

Correction from Table XV.— &.0= — 8 0 

Star’s true altitude . 15 48 15 

h. m. s. 

Star’s right ascension J an. 1834... 0 4 42 

Annual viaration 4- 3s. 08 x 1§ = 4- 5 

Star’s right ascension July 1835, 0 4 47 


t n 


Star's polar distance .. 

Ship’s latitude... 

Star’s true altitude.. 

Sum .... 

Half-sum .. 

Remainder .. 

Star’s distance from the meridian 
Star’s right ascension, 4~ 24 hours 


75 43 52.Co-secant. 0.01361 

46 54 .Secant... 0.16541 

15 48 15 


138 26 7 

69 13 3.Co-sine . 9.55003 

53 24 48.Sine. 9.90471 

h. m. s. — 

. 5 27 57E....Log.. 9.63376 

.24 4 47 - 


Right ascension of the meridian ... 

Sun’s right ascension at Greenwich time 

Apparent time at ship when the Star a 

Pegasi, or Algenib, was observed . 

Equation at Greenwich time.... 

Mean time at ship when the star’s altitude 

was observed. 

Interval of time by the watch.. 

Mean time at ship when the distance was 
observed .. 


.. 18 36 50 

. 7 5 37 Equation by N. A- July 7* 

- Corr. for 13h. 15m. (LI). • 

111 31 13 v . 

| Equation at Green, time.,, 

.4- 4 30 

| 11 35 43 July 7. 

. - 16 49 

}ll 18 54 July 7. 


m. s. 

4 24.7 
4- 5.3 

4 30.0 


To find the apparent Altitude of the Star a. Aquilce, or Alt air, 
when the Distance was observed . 

h. m. s. h. m. s. 

Mean time at ship when the ) j. ig 54 Star's right ascension Jan. 1834.. 19 4 2 4L 

distance was observed . f Annual variation 4- 2s. 93 x 14 = 4- 4 

Long, of the ship by accountI . «t oiW ■ * 

in time (XIX.) .j * Star's right ascension July 1835 „ 19 42 45 


Estim. mean time at Greenwich 12 53 18 
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h. m. a. °'" 

Son’* right ascen. (P. II. N. A.)..* 7 3 21 Star's declination, January 1834, 8 26 8N. 

Conr. for Oreenw. time 12h. 53m. -f- 2 12 Annual variation -J-8". 69x 14= -}- 13 

Sun's right ascen. at Greenw. time 7 5 33 Star's declination, July 1835 ... 8 26 21N. 


Mean time when distance was obs. 

11 18 54 



Right ascension of the meridian... 

18 24 27 



Star’s right ascension . 

19 42 45 



Star's meridian distance. 

1 18 18. 


. 3.76190 

Ship's latitude . 

46°54' N.. 


. 9.83460 

Star's declination.. 

8 26 N. 


, 9.99528 


■ — ■ Nat. number.. 

3906...Log.. 

.. 3.59178 

DiffiKnmm.. f .. TT ... 

38 28 ...Versed . 

21703 


True zenith distance .. 

41 56 ...Versed .. 

. 25609 



90 

— 


Star's true altitude .. 

QO 



Refraction.. 

+ l 



Star’s apparent altitude . 

48 5 




To find the Moon's apparent Altitude when the Distance was observed* 

h. m. s. ° . / r p wi 

Mood's R. A. at 12h. July 7, 16 50 23(P.VI.N.A.) Moon's dec., at 12h. July 7, 23 ^ a! 

Ditto, ail3h. ....16 53 0 Ditto, atlSh..23 11 10 8. 

VsriatioD in I hour . 2 37 Log.1.3004 Variation in 1 hour. 7 34 Log. 8902 

Greenw. time after 12 hrs.. 53 18 Log.0.0514 Greenw. time after 12 hours 53m. 18s. Log. 0514 

Variation in 53m. 18s..... + 2 20 Log.14118 Variation in 53m. 18s. .... + 6 43 Log. 9506 

Mood'sR. A.at 12h. July7, 16 50 23 -■ Moon’s dec., at 12h. July 7, 23 3 36 S. 

Ditto at Greenwich time.. 16 52 43 Ditto at Greenwich time .. 23 10 19 S. 


h. m. s. 

Right ascen. of the merid. (as above) 18 24 27 
Moon's right ascension . 16 52 43 


Moon's meridian distance .... 

Ship's latitude. 

Moon's declination . 

Sum ......... 

True zenith distance . 

Moon's true altitude . 

Correction from Table XXX. 


1 31 44. 


. 3.89785 

46°54' N. 


. 9.83460 

23 10 S.. 


. 9.96349 

- Nat. number... 

4965...Log. .. 

. 3.69594 


70 4 ...Versed .65907 

73 4 ...Versed .70872 

90 - 

16 56 
- 54 


Moon’s apparent altitude, 


16 2 
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To find the true Distance (by Method V.), and thence the Longitude. 

o t tf 

Observed distance by sextant ... 53 12 50 
Index error..... — 1 45 


Dist. corrected for index error... 53 11 5 

Moon*s semidiameter . — 16 26 

Moon’s augmentation ... — 4 


Apparent distance. 52 54 35 

Correction for refraction. + 2 12 


Corrected distance. 52 56 47...Sine. 0.0021...Tangent... 0.1221 

Star’s apparent altitude .. 48 5 ...Co-secant ...0.1284 

Moon’s apparent altitude... 16 2 ...Co-secant... 0.5588 

Moon’s horizontal parallax ...... 1 0 17...Pro. Log....0.4751. 0.4751 


First arch ..... 56 11...Pro. Log....0.5056 - 

Second arch . . 12 34.........Pro. Log.... 1.1560 


Correction for parallax. — 43 87 . 44'...13" 1 YYY v 

Corrected distance.. .. 52 56 47 Parallax in altitude 58 ...22 j 


52 13 10 — 

Third correction .. -f- 9...... 9 


True distance... 52 13 19 

Distance at XII. h. by N. A. ... 59 37 3 Intermediate Pro. Log.... 3569 


Difference .... 23 44....Pro. Log.... 8799 

■ 1 • - ■ h. m. s. —— 

0 53 59 ...Pro. Log.... 5230 
Correction for Oh. 54m. and diff. P. L. 77 (LIV.). — 20 — 


0 53 39 

Time of distance by N. A... 12 


Mean time at Greenwich . 12 53 39 July 7. 

Mean time at place of observed distance . 11 18 54 July 7. 


Longitude (in time) at place of observed distance .. 1 34 45 = 23° 41' 15" W. 


EXAMPLE VIII. 

January 23, 1835, at about Oh. 46m. P.M., apparent time at ship, in 
latitude 40° 16' S., and longitude by account 92° E., the following observ¬ 
ations were taken of the sun and moon, with the corresponding times by 
a chronometer.* 

On the same day, when the same chronometer shewed 9h. 44m. 40s. mean 
time, the altitude of the sun’s lower limb was 43° 11' SO", the ship having, 
since the first observations were made, run 30 miles of longitude to the 
eastward, but remained in the same latitude: required the true longitude 
of the ship when the distances were observed, the height of the observers 
eye being 16 feet, and the error of the sextant 2' 15" to subtract. 

* For the method of taking the altitudes and distances without assistants, see page 229. 
—See also Explanation to Table XXXIV. 
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Times per Chron. 

h. m. s. o • n 

6 54 42 Altitude of sun's lower limb. 67 IS 0 

6 57 19 Altitude of moon’s upper limb... 13 57 0 

7 114 Distance of nearest limbs . 71 57 0 

7 3 48 Distance of nearest limbs . 71 55 50 

7 5 28 Distance of nearest limbs . 71 54 10 

7 9 21 Altitude of moon’s upper limb... 11 40 0 

7 12 4 Altitude of sun’s lower limb. 65 53 0 


To reduce the Altitude of the Sun to the Time corresponding 
to the mean Distance . 

h. m. s. h. m. s. 09 

Time of sun's first alt. 6 54 42 Time of sun’s first alt. 6 54 42 Sun’s first alt. ... 67 18 

Time of sun’s last alt. 7 12 4 Mean of times by chron. 7 3 30 Sun’s last alt...... 65 53 


Differences . 17 22 8 48 1 25 


As 17m. 22s.Pro. Log. (Arith.Comp.)* 8.9844 

Is to * 8 48 .Pro. Log. 1.3108 

So is 1° 25' .Pro. Log. 0.3259 

o t It . 

To decrease of sun’s altitude 0 43 4..Pro. Log... 0.6211 

Sun’s first observed altitude . 67 18 0 ■■ 


Sun’s alt. at mean of times.... 66 34 56 


Mean distance. 
71° 55' 40" 


Mean of times. 
7h. 3m. 30s. 


To reduce the Altitude of the Moon to the Time corresponding 
to the mean Distance. 


h. m. s. 

Time of moon’s first alt. 6 57 19 
Time of moon’s last alt. 7 9 21 


h. m. s. 09 

Time of moon’s first alt. 6 57 19 Moon’s first alt. 18 57 
Mean of times by chron^ 7 3 30 Moon’s last alt. 11 40 


Differences. 12 2 


6 11 


2 17 


As 12m. 2s. 
Is to 6 11 

So is 2° 17' 

O I u 

To decrease of moon’s altitude • 1 10 24 
Moon's first observed altitude... 13 57 0 


Moon’s alt. at mean of times ... 12 46 36 


.Pro. Log. (Arith. Comp.)*8.8251 

.Pro. Log. 1.4640 

Pro. Log. . 0.1186 

Pro. Log. . 0.4077 


Hence we obtain the following set of observations: 

Mean of times by Chron. Dist. nearest L. of 0 & D. Alt. of ©’s L. L. Alt. of ])’s U. L. 
7h.3m.30s. 71° 55' 40" 66 ° 34'56" 12° 46'86" 


* The Arithmetical Complement is found by subtracting the Proportional Logarithm 
from 10 0000 . 
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To find the true Distance (by Method V.), and Mence Me 
mean Time at Greenwich . 


Moon's horizontal parallax at Greenwich time 59 if. 


h. m. 

Time at ship past noon, Jan.22 24 46 
Long, by acc. in time (XIX). 6 8 £. 

Time at Greenwich by acc.... 18 38 Jan. 22. 


o t II 

Observed distance. 71 55 40 

Index error .. — 2 15 


71 53 25 

Sun's semidiameter... *+■ 1® 1® 

Moon's semidiameter . -j- 1® 7 

Moon's augmentation . 4* 4 


Ohs. alt. of the sun's lower limb ... 66 34 56 
Dip of the horizon.. — 3 50 


66 31 6 

Sun's semidiameter by N. A. ...... + 16 16 

Sun's apparent altitude....... 66 47 22 


o in 

Obs. alt. of the moon's upper limb. 12 46 36 
Dip of the horizon.... — 3 50 


12 42 46 

Moon's augmented semidiameter . — 16 11 


Apparent distance .. 72 25 52 Moon’s apparent altitude..- 12 26 35 

Correction for refraction. -f~ 3 50 - 


Corrected distance . 72 29 42...Sine . 9.9794....-Tangent... 0.5013 

Sun's apparent altitude . 66 47 ...Co-secant... 0.0367 # 

Moon's apparent altitude.. 12 27 ...Co-secant ...... 0.6664 

Moon’s horizontal parallax. 59 8 ...Pro. Log. ... 0.4834. 0.4834 


First arch .i.... 56 59...Pro. Log. 0.4995 -* 

Second arch ..... 4 1.Pro. Log... 1.6511 


Correction for parallax. — 52 58.53' ... 8 " 1 /yy\Y\ 

Corrected distance ... 72 29 42 Parallax in altitude...58 ... 9 j * 


71 36 44 — 

Third oorreotion ... -j- 1. 1 


True distance . T 7 1 36 45 

Dteanoe at XVIII h. by N. A.... 71 58 41 Intermediate Pro. Iiog....... 2641 


Difference. 21 56.Pro. Log.. 9142 

- h. m. s. - 

0 40 17—Pro. Log.. 6501 

Time of distance by N. A. . 18 - 


Mean time at Greenwich. 18 40 17 Jan. 22. 


To find the mean Time at Ship , and thence the Longitude . 


h. m. s. 

Time by chronnm, when l 7 3 30 
distance was taken ... f 
Do. when time-alt. was obs. 9 44 40 


Interval between the obs.. 2 41 10 
Time at Greenwich when 1 An 1T 
distance was taken ... j 18 iU u 


Do. when rime-alt* was obs, 21 21 27 J an.22. 


V h w 

Sun's dec. Jan. 22 (P. II. of N*A.) 10 46 266. 
Cor. for Gr. time 12h. 0m. (XX1) — 8 36 
Ditto, 9h.21m. — 5 9 ‘ 


Sun's declin. at Greenwich time., 10 54 41$. 


Sun's polar distance .. TO 25 19 
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o t ft 

Obe.olt.of sun's lower limb 43 II 80 
Index error.. • — 2 15 


43 9 15 

Corr. Table IX. -f t l f . 4 = + 11 24 
m. s. ■■■ 

Eq. of time by N. A. 11 49.4 Sun's true altitude. 43 20 39 , 

Coarr.for 21h.2lm... + 14.0 Sun's polar distance . 70 25 19...Co-secant... 0.02596 

- Ship's latitude. 40 16 ...Secant. 0.11745 

Ecu at Oreenw. time 12 3.4 -- 

- Sum.154 1 58 


Half-sum. 77 0 59...Co-eine ...9.35154 

Remainder . 33 40 20...Sine. 9.74389 

h. m. s. - 

App. time at ship when the time-altitude was observed ... 3 16 48...Log.. 9.23874 

Equation at Greenwich time . + 12 3 —* 


Mean time at ship when the time-altitude was observed... 3 28 51 Jan. 23. 

24 


Ditto ... ditto . 27 28 51 Past noon, Jan. 22. 

Mean time at Greenw. when the time-altitude was taken- 21 21 27 Ditto. 

■ 1 O 4 

Longitude in time when the time-altitude was observed... 6 7 24 = 91 51 E. 

Difference of longitude during the interval..................... — 30 E. 

Longitude of ship when the distance was observed .. 91 21 E. 


EXAMPLES FOR EXERCISE. 

1. June 16, 1835, in latitude 29° 8 / N., and longitude by account 
147° 15'W., about 20h. 32m. (being June 17, at 8h. 32m. A. M. civil 
time), the distance between the sun and moon was observed to be 92° 50' 45"; 
at the same time the altitude of the moon's upper limb was 39° 1 / 20"; and 
the altitude of the sun's lower limb, 42° 86' 20"; the height of the observer's 
eye being 18 feet, and the instruments adjusted: required the true longi¬ 
tude of tne ship. 

Answer. The true distance 92 P 43' 57"; mean time at Greenwich, 
30h. 20m. 338. past noon of June 16; mean time at ship, 20h. 29m. 41s., 
and longitude of the ship, 147° 43' 0" West. 

2. January 16, 1835, (A. M. civil time), in latitude 8° 25' S., and lon¬ 
gitude by account 90° SO' W., when a chronometer, which was 22m. 87s. 
fast for Greenwich mean time, shewed 6h. 44m. (being A. M. at Green¬ 
wich) the distance of the moon's remote limb from the Star Aldebaran, or 
* Tauri, was observed to be 66° 12' 30", the altitude of the moon's lower 
limb being 57° 22' 25", the altitude of the star (westward of the meridian) 
82P 28 / 10'', the height of the observer's eye 14 feet, and the instruments 
adjusted: required the true longitude of the 'ship by the lunar observation 
and chronometer. 

Answer. The true distance 65° 45' 51"; the mean time at Greenwich, 
18h. 20m. 48s.; the mean time at ship, 12h. 17m. lls.; the longitude of 

Q Q 
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the ship by the lunar observation, 90° 54 y 15'' W., and by the chronometer, 
91° 3' 0" West. 

3. November 7, 1835, in latitude 40° V SO" N., and longitude by 
account 6° 35' E., when a chronometer, which was 4m. 26s. slow for Green¬ 
wich mean time, shewed llh. 54m. 32s. P. M., the angular distance of the 
moon's nearest limb from the centre of the Planet Jupiter was 829 49' 5*; 
at the same time the altitude of the moon's lower limb was 66° 82'; and the 
altitude of the planet’s centre 41 c 5' (east of the meridian); the height of 
the observer’s eye being 22 feet, and the error of the sextant which measured 
the distance — 4' 20": required the mean time at the meridian of the ship 
by the planet’s altitude, and the longitude when the distance was observed, 
by the lunar observation and chronometer. 

Answer. The true distance 88° IT 48"; the mean time at Greenwich 
llh. 59m. 45s.; the mean time at ship 12h. 24m. 50s.; the longitude by 
the lunar observation 6° 16' 15" E., and by the chronometer 6° 28' E. 

4. December 13,1835, (A. M. civil time), in latitude 10° 15' N., and 
longitude by account 116° E., when a chronometer, which was 25m. 44s. 
slow for mean time at Greenwich, shewed 2h. 40m. 46s. A. M., the angu¬ 
lar distance between the sun and moon’s nearest limbs was 91° 1' 20", the 
altitude of the sun’s lower limb 52° 32' 30", and the altitude of the moon’s 
upper limb 18° 19 7 30', (westward of the meridian); the height of the 
observer’s eye being 22 feet, and the instruments adjusted ; required the 
mean time at ship by the altitude of the moon, and the longitude by the 
lunar observation and chronometer. 

Answer. The true distance 90° 50' 1"; the mean time at Greenwich 
15h. 7m. 32s. December 12; the mean time at ship 22h. 54m. 21s. De¬ 
cember 12; the longitude by the lunar observation 116° 42' 15" E., tod 
by the chronometer 116°. 57' 45" E. 

5. August 80,1835, (A. M. civil time), in latitude 33° 31 £'N., when* 
chronometer, which was 12m. 50s. fast for mean time at Greenwich, shewed 
5h. 59m. 43s. A. M., the altitude of the sun’s lower limb was 27° 47' 10"; 
and at P. M. ship-time, when the same chronometer shewed llh. 52m. 50s. 
A. M., the distance between the sun and moon was observed to be 82°56'40 fr ; 
the altitude of the sun’s lower limb being at the same time 53° SO' 45"; the 
altitude of the moon’s upper limb 13° 20' 30"; the height of the observer's 
eye 18 feet, and the instruments adjusted: required the true longitude of 
the ship when the sun’s altitude was taken for time, both by tne lunar 
observation and chronometer. 

Answer. The mean time at the meridian of the ship when the smft 
altitude was observed for time, 19h. 50m. 39s. August 29, consequently die 
chronometer was Ih. 50m. 56s. slow for that meridian; the true distance 
829 45' 38", and the corresponding Greenwich mean time 2Sh. 39m- 52s. 
August 29; the mean time at ship 25h. 43m. 46s. past noon, August 29; 
and hence the longitude by the lunar observation,80° 58 / S0"E., ana by die 
chronometer 30° 56' 30 ' East 

6. July 14,1835, (A. M.civil time),in latitude 16°85 y S., at 8h.10m.24s. 
P. M., by a chronometer which was 20m. 28s. slow for mean time at 
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Greenwich, the distance of the moon’s nearest limb from the Star a Arietis 
was 50° 1CK 10", the altitude of the star being 42° 17' 45", and die alti¬ 
tude of the moon’s upper limb, 77° 27' 80"; and at 7h. Om. 50s. P. M. by 
the same chronometer, the altitude of the sun’s lower limb was 22? 49' 80", 
the ship being then in latitude 16° 8' S., the height of the ^observer’s eye 
at each observation 12 feet, and the instruments adjusted: required the true 
longitude of the ship, by the lunar observation and chronometer, when the 
sun’s altitude was taken, to determine the error of the chronometer in mean 
time at that meridian. 

Answer. The true distance 50° 23' 8"; mean time at Greenwich when 
the distance was observed, 27h. 31m. 48s. past noon, July 13; mean time 
at ship, when the sun’s altitude was observed for time, 20h. 19m. 47s.; 
consequently the chronometer was then fast at that meridian lOh. 41m. 3s. $ 
mean time at that meridian when the distance was taken, I6h. 29m. 21s.; 
and the longitude of the ship 165° 35' 30" W. By the chronometer the 
longitude of the ship was then 165° 22' 45" W. 

7. October 9, 1835, in latitude 88° 45 / N., and longitude by account 
72° 35' W., about 5h. Om. P. M., the altitude of the siih’s lower limb was 
IP 17' 10", when a chronometer, whose daily loss was 12 a .5, shewed 
lOh. 9m. 44s.; and about 3h. 32m. afterwards, when the same chronometer 
shewed lh. 41m. 54s. A. M. October 10, (that is ISh. 41m. 54s. October 9, 
astronomical time), the observed distance of the moon’s remote limb from 
the Star * Pegasi, or Marcab, was 64° 40 7 10", the ship liaving run between 
the observations S. W. by S. (true) 28 miles; the index error of the sextant 
being + 2 ' 15", and the height of the observer’s eye 18 feet: required the 
true longitude of the ship wnen the distance was taken. 

Answer. The mean time at the ship when the sun’s altitude was 
observed, 4h. 44m. 20s.; mean time at the place where the distance was 
taken, 8h. 15m. 16s.; the latitude by account when the distance was 
observed, 38° 22'N., and the longitude by account 72° 54 / W.; the star’s 
apparent altitude being 60° O', the moon’s apparent altitude 7° 18', and 
the true distance 63° 45' IS"; the corresponding mean time at Greenwich 
13h. 8m. 55s., and consequently the longitude of the ship at the place 
where the distance was observed, 73° 24 / 45" West. 

8. October 30, 1835, in latitude 52? 26 / S., and longitude by account 
133° 45' E., at about 5h. 20m. P. M., the altitude of the sun’s lower limb 
was 15° 5(y 45", and at 7m. 86s. after the sun’s altitude was observed, the 
distance of the sun and moon’s nearest limbs (measured by the same sex¬ 
tant) was 110° 44' 40"; the index error of the instrument being 1' 30" to 
subtract, and the height of the observer’s eye 24 feet: required the true 
longitude of the ship. 

Answer. The mean time at ship when the sun’s altitude was observed, 
Sh. 9m. Sis., and when the distance was taken, 5h. 17m. 7s. October 30, 
or 29h. 17m. 7s. past noon, October 29; the sun’s apparent altitude 17° 18*; 
the moon’s apparent altitude 43° 27'; and the true distance 110° 45' 2"; 
the corresponding mean time at Greenwich, 20h. 24m. 16s. October 29 
•and consequently the true longitude of the ship, 133° 12' 45" W. 
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METHOD OF KEEPING 

A JOURNAL AT SEA 


A SEA JOURNAL is a book wherein is registered an exact and re¬ 
gular account of the various occurrences that happen on board a ship 
auring her voyage; but more particularly those concerning the ship's way, 
in order that ner situation may be known at any time required. 

For this purpose there is kept in the steerage, or some other convenient 
part of every ship, a large board, painted black, called the Log Board, 
which is usually divided into six columns; the first, on the left hand, con¬ 
tains the 24 hours from the noon of one day to the noon of the following; 
the second and third columns are for the knots and fathoms the ship runs 
in half a minute, or the miles and parts in an hour ;* the fourth column 
contains the courses steered by the compass; in the fifth the winds are 
entered; and in the sixth the various remarks, such as the state of the 
weather, the sails set or taken in, the observations made for ascertaining 
the ship's place, the variation of the compass, and whatever else may be 
thought necessary. All these particulars are entered every day at noon 
into a book, divided into columns exactly like the log-board, and called 
the Log Book . From this book the navigator makes the necessary deduc¬ 
tions, relating to the ship's place, every day at noon; which operation is 
called a Day's Work . 

While the ship is in port, the remarks entered in the log-book are called 
Harbour Work ; and the account of the ship's way, &c., kept at sea, is 
termed Sea Work . 

In harbour-work the day is estimated according to the civil reckoning, 
as on shore, that is, from midnight to midnight; but at sea, the days' 
works being made up at noon, are dated the same as the civil day, so that 
the days' works marlced Monday, began on Sunday at noon, and ended on 
Monday at noon; hence the day by the ship's reckoning, which is called 
the nautical day, begins twelve hours before the civil day the first 
twelve hours, or those contained between noon and midnight, being marked 
P. M., signifying post meridiem, or afternoon; and the other twelve hours, 
A. M., signifying ante meridiem, or before noon. J 


• In the Royal Navy, and on board ships that undertake an East India, or other long 
voyage, the log is hove every hour, but in short trading vessels only once every two honrt. 
This last circumstance makes no difference in the commutation, excepting that the knots W» 
fathoms run on every course by the log, must be doubled, to give the whole 4 it ta n q » \ 

■f In compliance with an order from the Admiralty, the Navy Logs are dated at midnight, 
in order to correspond with the civil mode of reckoning time. The form of a Navy Log win 
be shewn hereafter. 

X As the astronomical day begins at neon of the civil day, which it the end of the nautical 
day, the declination of the sun, used in determining the latitude by a meridian altitude, k 
taken out from the Tables or the Nautical Almanac, for the noon of the dvil day. 
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When a ship is bound from one place to another that lies so far from 
her that she is obliged to leave the land, at the time of losing sight of it, 
the bearing of some place is to be observed, whose latitude and longitude 
are known ; which, together with the estimated distance of the ship from 
the land, is to be set down on the log-board. This is called taking a 

S torture. The distance may, however, be more accurately known by 
ing the bearing twice, and noting the ship's course and distance between 
them, as shewn in the first example of Oblique Sailing, page 112. 

TO CORRECT THE COURSES STEERED BY COMPASS. 

The variation of the compass, which is usually found by observation, as 
already explained, must be applied to all courses steered, and on all bear¬ 
ings taken by the compass, in the following manner. Suppose yourself 
placed at the centre of the compass, and looking directly torwaro to the 
point you are to allow the variation from ; then, if the variation be easterly, 
allow it to the right hand of the course steered, or bearing taken by com¬ 
pass; but if westerly, to the left hand; by which you will obtain the true 
course. 

For example, suppose the course steered by compass is N. E. by N., and 
the variation is 1 point westerly; now, 1 point to the left hand of N.E. by N. 
is N. N. E., which is the true course required. Again, suppose I set a 
cape, and find it bear from me S. W. by compass, the variation being 1£ 
point easterly ; here point allowed to the right hand of S. W. will give 
8. W. by W. f W., the true bearing of the land. 

The courses must likewise be corrected for leeway, the nature of which 
may be thus explained. When a ship is close hauled, and the wind blow¬ 
ing fresh, that part of the wind which acts upon the hull and rigging, 
together with a considerable part of the force exerted on the sails, tend to 
drive her immediately from the direction of the wind, or, as it is termed, to 
leeward. But since the bow of a ship exposes less surface to the water than 
the side, the resistance will be less in the first case than in the second; the 
velocity, therefore, in the direction of her head, will, in most cases, be 
greater than the velocity in the direction of her side, and the ship's real 
course will be between the two directions. Now the angle contained 
between the line of the ship's apparent course, and the line she really describes 
through the water, is termed her Leeway . 

The quantity of leeway to be allowed, will depend upon a variety of 
circumstances ; as the mould or trim of the ship ; the quantity of sail she 
carries; her velocity through the water; the sails being properly set to 
receive the action of the wmd, &c.: hence no general rules can be laid 
down with accuracy that will determine the quantity of leeway at aH times. 

I The following, have, however, been usually given by most writers 6n 
! Navigation. 

1. When the ship is close-hauled, has all her sails set, the water smooth, 
fith. a light breeze of wind, she is then supposed to make little or no 
leeway. 

2. When the top-gallant sails are handed, allow one point; 

3. When under double-reefed topsails, one point and a half; 
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4. When under close-reefed top-sails, twe points; 

5. When the top-sails are handed, three points and a half: 

6. When the fore-course is handed, four points; 

7* When under the main-sail only, five points; 

8. When under the balanced mizen, or mizen stay-sail, six points; 

9. When under bare poles, seven points. 

As these allowances depend entirely on the quantity of sail set, and the 
heave of the sea, without having any regard to the form of the ship, or 
nature of the cargo she may have on board, it is evident they can omy be 
considered as probable conjectures, and may indeed serve to work up the 
day's work of a Journal that has been neglected. But since the computation 
of a ship's way depends much upon the accuracy of this allowance, it should 
always be the duty of the officer of the watch carefully to observe the 
leeway, and either allow it upon the courses steered before they are put 
down on the log-board, or else set it down in a column reserved for that 
purpose. 

The leeway that a ship makes may be easily estimated thus: draw a 
small semicircle on the taflfxail, with its diameter at right angles to the ship's 
keel, and divide its circumference into points and quarters; then observe uie 
angle contained between the semidiameter which points right aft, and that 
which points in the direction of the wake, and it will be the leeway required. 
But the most accurate method of determining the leeway, is to have a semi¬ 
circle drawn x>n the taffirail, as before described, with a low crutch or swivel 
in its centre. Then, after heaving the log, the line is to be slipped into 
the crutch just before it is drawn in, and the points and quarters con¬ 
tained between the direction of the log-line and tne fore and aft line of the 
semicircle, will be the quantity of leeway. 

The leeway being determined, it is to be allowed from the wind> that is, 
to the right hand of the course steered, when the larboard tack6 are aboard, 
and to the left hand when the starboard tacks are aboard,* supposing your¬ 
self looking from the centre of the compass towards that point the ship's 
head is directed to. or example, suppose a ship sails S. W. by S. by 
compass, with her starboard tacks aboard, and she makes one point leeway; 
her course corrected for leeway will be S. S. W., being one point to the left of 
her course by compass. Again, if a ship close-hauled sails N. E. when the 
wind is N. N. w., and makes 1$ point leeway, her true course will be 
N. E. by E. i E.; because, having her larboard tacks aboard, 1J point is 
to be counted to the right hand of the course by compass. 

The Examples in the following Table, where the courses steered, with 
the leeway and variation to be allowed on each, are given, from thence to 
find the true courses, will serve to exercise the learner in the foregoing rules. 


• When a ship is close-hauled, certain ropes, called tacks, -which ore fastened to the lower 
corners of the main and foresails, are hauled forward on the weather side, or that next the 
wind, In which case those tacks are said to be aboard. When a ship is close-hauled, that is, 
when she sails as near the wind as she will lay, with the wind on the ri^ht hand, she has her 
starboard tacks aboard, and is said tosail on the starboard tack. But If the wind be on the 
left hand, in the same manner ihe has her larboard tacks aboard, and is said to sail on tbs 
larboard tack. 
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GIVEN. 

TO FIND. 

Courses 

steered. 

Winds. 

Leeway. 

Variation. 

Courses corrected. 

E. N. E. 

N. W. 


w. 

N. E. 1 E. 

w. by S. 

N. W. by N. 

1 


w. s.w. 

N. W. by N. 

N. E. by N. 

H 

2 W. 

W. N. W. 4 w. 

South. 

E. 8. E. 

1 

HE. 

8. by W. f W. 

N. W. 

W. 8. W. 

2 

1 W. 

N. W. by N. 

8. S. W. 

8. E. 

H 

]JW. 

8. 8. W. 

E. by N. 

N. by E. 

4 

o| E. 

S. E. by E. } E. 

West. 

N. N. W. 

$ 

1 E. 

W. *N. 


In hard blowing weather, with a contrary wind and a high sea, it is im¬ 
possible to gain any advantage by sailing; in such cases, therefore, the 
object is to avoid, as much as possible, being driven back. With this 
intention it is usual to lie-to under no more sail than is sufficient to prevent 
the violent rolling which the vessel would otherwise acquire, to the endan¬ 
gering of the masts, yards, and rigging. When a ship is brought-to, the 
Slier is put gradually over to leeward, which brings her head round to the 
wind.* The wind then having very little power on the sails, the ship loses 
her way through the water, which ceasing to act upon the rudder, her head 
falls off from the wind, the sail which she has set fills, and gives her fresh 
way through the water; which, acting on the rudder, brings ner head agaiti 
to the wind. Thus, the ship has a kmd of vibratory motion, coming up to 
the wind, and falling off from it, alternately. 

When a ship is lying-to, observe the points on which she comes up and 
falls off, and take the middle point for the apparent course; on which 
allow the variation and leeway, and you will have the true direction of the 
drift. For example, suppose a ship lying-to under a main-sail, with her 
starboard tacks aboard, comes up E. by S., and falls off N. E. by E., there 
being one point westerly variation, ana she makes 5 points leeway; what 
course does she make good ? The middle point between E. by S. and 
N. E. by E. is E. by N., from which allowing 5 points to the left hand, 
because the starboard tacks are aboard, gives the course, corrected for lee¬ 
way, N. N. E.; from which allowing 1 point to the left hand, because the 
variation is westerly, will give the true course N. by E. 

In sailing along a coast, in a tide or current, particular care should be 
taken to observe its setting, which, with the variation allowed, is to be 
entered in the Traverse Table as a course, and its drift as a distance; the 
same is to be observed for the heave or swell of the sea. 


* It may be here mentioned as a caution, that when the tiller is put over, it should be 
hahed within half a turn of the wheel, in order that the rudder may have free play ; and on 
no account should the helm be put hard over to leeward, as that would endanger the rudder, 
pintles, and gudgeons, or might even loosen the stern-post, by heavy seas striking against 
the back of die rudder: many serious accidents have occurred for want of due precaution in 
this respect. 
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On leavings the land, the opposite point to its bearing from the skip, trith 
the variation allowed, and the estimated distance from it, are to be set down 
in the Traverse Table as a course and distance. 

The computation made from the several courses, corrected as above, and 
their corresponding distances, is called a Day's Work ; and the ship's place, 
as deduced therefrom, is called her Latitude and Longitude by Account or 
Dead Reckoning. 

If the course and distance made good by a ship, as estimated from die 
compass and the log, could be accurately ascertained, nothing more would 
be necessary in determining a ship's place at any time during her voyage; 
for the course and distance being known, the difference of latitude and lon¬ 
gitude, and hence the latitude and longitude she is in, may be readily found 
by any of the methods shewn in the various sailings; but on account of the 
many accidents that attend a ship's way, such as swelling of the sea; dif¬ 
ferent rates of sailing between the times of heaving the log ; want of care 
at the helm; unknown currents; sudden squalls; improper allowances for 
variation and leeway ; the inaccuracy of the glass and log-line, &c.; the 
latitude of the ship, as deduced from the reckoning, will frequently differ 
considerably from the latitude by observation, and nence the difference of 
longitude, and longitude in by account will be likewise erroneous. Now, as tbe 
latitude by observation is always depended on, it remains, therefore, to cor¬ 
rect the ship's longitude by account For this purpose, examine whether 
the log-line and half-minute glass be just; and if you find they are not, 
correct the distance by the rules given in pages 61 and 62, ana with tbe 
corrected distance and the course, find a new difference of latitude and 
departure; then, if this difference of latitude applied to the latitude left, 
gi ve a latitude nearly the same as by observation, the error may be con¬ 
sidered as sufficiently corrected, and the difference of longitude is to be 
found with this new latitude or departure. But if there still remain a con¬ 
siderable difference between the latitudes by account and by observation, 
consider carefully if the leeway and variation have been properly allowed; 
whether the ship's motion may not have been affected by a current, or 
heave of the sea; and if so, make the best estimation you can for its setting 
and drift. 

If, after all proper allowances are made for errors in distance, currents, 
&c., the latitude by account and observed latitude should still disagree, it 
is then recommended by some authors to correct further for supposed errors 
in tbe courses and distances. Thus, if the course be near the meridian, the 
error is supposed to arise from the distance; because the error in the course 
must be sensible, to make any considerable error in the difference of latitude; 
if the course be nearly east or west, then the error is supposed to result 
from the course, as an error in the distance must be very great, to make t 
considerable one in the latitude; but if the course be near 4 points, tho* 
the error in the latitude is attributed partly to the course, and partly to the 
distance. The rules founded upon these suppositions, it must be confessed, 
are, in general, little better than guess-work; and are, therefore, omitted 
in this Work, being deemed useless, and frequently leading to greater errors 
than those they are intended to correct 
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; i N^t#kh#tatwMttg flatt AHthe supposed corrections beafppiied crfttDthe 
gtmmm, care- to the ship's reckoning, it is frequently found, on md^ng^he 
land after a long voyage, that the longitude deducedfrom thedead rodkan- 
mg alone, will differ very considerably from the truth: a good navigator 
will therefore lose no opportunity of ascertaining the ship's place by celestial 
observations; carrying forward the latitude so found, by applying to it the 
difference of latitude made from day to day by the reckoning, and to the 
longitude determined by a lunar observation, the difference of longitude 
made by chronometer, until another observation be taken. A separate 
statement is usually made of the longitude by dead reckoning, and of that 
by observations. 

GENERAL RULES FOR WORKING A DAY’S WORK. 

1. Enter in a Traverse Table the several courses steered, corrected for 
variation and leeway; and opposite each course place the whole distance 
run, as it appears by the log on summing up the knots and fathoms while 
the ship is on that course. Find the difference of latitude and departure 
answering to each course and distance, and set them down in their respec¬ 
tive columns; then the difference between the sums of the northings and 
southings will be the difference of latitude made good, of the same name 
with the greater: and the difference between the sums of the eastings and 
westings will be the departure made good, of the same name with the 
greater quantity. 

2. Seek in the several pages of the Traverse Table until the above dif¬ 
ference of latitude and departure be found together in their respective 
columns: opposite to these will be the distance made good; and at the top 
or bottom or the page, according as the departure is less or greater than 
the difference of latitude, will be found the true course. 

Or, it will save trouble, especially when the variation is given in degrees, 
and the ship has made several courses during the 24 hours, if the magnetic 
or compass courses (corrected for leeway only) be entered in the Traverse 
Table; then with these courses, and the distance run on each, find the 
corresponding difference of latitude and departure, which will give the 
magnetic course , and the distance made good in the whole day; this 
course then being corrected for variation, will give the true coitrse, with 
which, and the distance already found, you will obtain the true difference of 
latitude and departure. 

8. If the latitude from which the ship's departure be taken, or yester 
. day's latitude, be of the same name with the difference of latitude, add them 
together; if not, take their difference; the sum or remainder will be the 
latitude at noon, by account, of the same name with the greater. 

, 4. Find the complement of the middle latitude between yesterday’s and 

to-day's latitude, which take as a course in the Traverse Table, and seek 
-for the departure in its column; then will the distance corresponding to 
these be the difference of longitude, of the same name as the departure* 

R R 
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' Or, seek for the course made good, and for the meridional difference of 
latitude in a lat. column; then will the corresponding departure give the 
difference of longitude, as before. 

5. If the longitude of yesterday be of the same name with the difference 
of longitude, add them together; if not, take their difference; the sum or 
remainder will be the longitude in, of the same name with the greater. 

6. To find the bearing and distance of the intended port, or any other 
place, from the ship, find the complement of the middle latitude between 
the ship and the proposed place ; which seek in the Traverse Table as a 
course: in that page where it is found, look for the difference of longitude 
in a distance column, opposite to which will be the departure in its proper 
column ; with this departure and the difference of latitude, find the true 
course or bearing, ana the distance as before. 

Or, look for the meridional difference of latitude and difference of longi¬ 
tude, till they are found opposite each other in the lat and dep. columns, 
and they will give the true course; this course and the proper difference 
of latitude in the lat. column, will give the distance in its proper column. 

. If the magnetic course or bearing be required, the variation must be 
allowed on the true bearing; to the right-hand, if the variation be westerly, 
or to the left-hand, if easterly. 

. There are various methods of keeping a Sea Journal, with regard to what 
deserves to be recorded, according to the sentiments of different persons : 
some approve of a journal including the log-book, each day’s work at some 
length, and such occurrences as seem of most importance; while others 
prefer a short abstract of this long journal, containing little more than the 
course and distance run, the latitude and longitude in, and sometimes the 
bearing and distance to the intended port, for each day. There are like¬ 
wise forms peculiar to the particular service to which a ship belongs, as in 
the Royal Navy and East India Merchant Service. These forms will be 
shewn hereafter. 

We shall now proceed to exemplify the above Rules; first, by a few 
examples of separate Days’ Works, and afterwards in a Journal from Lon¬ 
don to Madeira, kept in the form generally used in merchant ships, and 
containing most of the occurrences that happen to a 6hip in a common 
voyage, with supposed observations for ascertaining the latitude, longitude, 
variation, &c. 

Note. In the following Days’ Works and Journal, which are worked by 
inspection, the log is supposed to be hove every hour, and the knot divided 
into eight fathoms of six feet each. ' Also in all the astronomical observa¬ 
tions introduced in this Journal, the height of the observer’s eye is sop- 
posed to be 18 feet. 
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EXAMPLE I. 

Yesterday, at noon, we were, by observation, in latitude 19° N., and in longitude 
23° 4' W.; and have sailed till noon this day, as per log ; the variation of the compass being 
1 point West: required the course and distance made good, with the present latitude and lon¬ 
gitude of the ship. 



i 

□ 

Courses. 

Winds. 

gg 

Remarks. 


n 

R 

s. w. 4 W. 

N. E. 


Moderate and clear, iu the first and middle 


6 

2 




parts; latter, thick and cloudy, with 

3 

5 

4 




drizzling rain. 

4 

5 






5 

5 






6 

5 






7 

4 

6 




A stranger, shewing English colours, in the 

8 

4 





N. E. quarter, standing to the southward. 

9 

4 






10 

4 






ll 

3 

4 





12 

3 

4 





i 

4 


N. W. 

E. N. E. 



2 

4 






3 

8 

2 





4 

3 






5 

3 

6 

S. W. 



Set the fore-top-mast studding sail. 

6 

5 

2 





7 

5 

4 

S. S. W. 

■ 


An increasing breeze and cloudy, with rain. 

8 

6 






9 

7 






10 

8 






11 

12 

[I 

4 




Variation 1 point West. 



Lat. left . 

19° 

(/N.., 

Mer. Parts 

116f 

Diff. of lat. M 

= 1 

22 S. 



Lat. in. by acc. 

17 

Is N... 

Mer. Parts 

107S 

Sum of late.... 

36 

38 



Middle lat. ... 

18- 

19 

Mer. diff. Uc 88 


90 




Co. mid. lat 

rT 

41 




The first course steered by compass, viz. S. W. 4 W., being corrected for 1 point West 
variation, makes the true course S. W. $ S.; and the knots and fathoms, summed up to 
midnight, give the distance run upon the first course, 55 miles: in the same manner the other 
courses are to be corrected, and, with their corresponding distances, are to be set down in a 
Traverse Table, as above. No leeway is allowed on the courses in this day’s work, because 
the ship is going large: 

The whole difference of latitude 82'. 4, and the departure 59*. 5, give the oourse made good^ 
8.36° W„ and the distance 102 miles. 

The co. middle lat. 71° 41' as a course, and the departure 59^. 5 in a dep. column, give the 
diff. of longitude 62 / . 5 in a dist column, by Middle Latitude Sailing. 

Or, the oourse 36°, and mer. diff. of latitude 8O' in a lat. column, give the diff. of longitude' 
Off. 4 in a dep. column, by Mercator’s Sailing. 

The difference of longitude 02 miles, or 1° 2' W., added to the longitude of yesterday, 
23° 4' W., because they are both of the same name, gives the longitude in to-day 24° & V r . 
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EXAMPLE II. 

. Yesterday, at noon, we were In latitude 35° 2' N., and longitude 17° 45' W.; at 7 o’clock, 
P. M., the sun was observed to set W. 43° N. by compass, his declination being at that time 
18° 5& N.; and we have sailed this day till noon, as per log, in a current setting S. W. 1 mile 
per hour all day; required the course and distance made good, and our present latitude and 
longitude. 


H. 

K. 

F. 

Courses. 

Winds. 

T£T- 

way. 

Remarks. 

1 

o 

5 

K 

2 

N. E. by N. 

E.S.E. 


Moderate breezes. 

3 

5 

2 





4 

5 






5 

5 

4 





6 

5 






7 

4 

6 




The sun set W.48° S n by which the variation 
is found to be 19° 29, or 1 } point. West. 

1 

10 

4 

5 

2 




5 






11 

12 

1 

5 

K 

2 

N. N. E. 

East. 

i 

Fresh gales. In 2d. reef of the topsails. 

9 

4 

6 

! 




2 

4 

2 





3 

8 

6 





4 

3 

4 

N. E. 4N. 

E. by 8 . 

u 


5 

3 




6 

3 






7 

3 






8 

2 

4 




Cloudy. 

9 

2 






10 

2 

4 





11 

2 

4 





12 

2 

■ 




Lat. by obs. 36° W N. 


Before the courses can be corrected, the variation of the compass must be found by the 
amplitude taken at sunset. Now the ship’s course from noon to 7 o’clock is N. E. by N.’, and 
die distance run 36 miles: but allowing the variation at last observation to be about 1 ^ point 
westerly, the corrected course will be N. by E. ^ E.; with which, and the distance 36 miles, 
the diff, of latitude made good since noon is found to be 34' N.: this, added to the latitude 
at noon, 35° 2' N., gives the latitude in, at sunset, 35° 347 N.; with which, and the dedxaa» 
lion 18° 56' the true variation is found as follows :— 


Latitude. 85° 36' N.... 8 ecant 0.08986 

Declination... 18 56 N....Sine... 9.51117 


True amp. W. 23 31 N....Sine... 9.60103 
Mag. amp. W. 43 0 N. 

Variation •••• 19 29, or 1 ] point West. 


The courses being corrected for variation 
and leeway, with their corresponding dis¬ 
tances, together with the set and drift of the 
current, will be as in the Traverse Table. 


Courses. 

Dist. 

N. 

s. 

E. 1 W 

% b r^. E - 

N. 1 E. 

S. S.W.* W.) 
Current, j i 

50 

23 

24 

24 

48.5 

22.7 

24.0 

— 

21.7 

12.2 

1 3.4 

1 10.3 



95.2 ! 
21.7 

21.7 

13.4 13.7 
13.4 

Diff. lat. 

73.5 | 


Dep. 0.3 


On summing up the columns of the Traverse Table, it appears that the ship has a^led due 
Norths hence her distance made good is 73.5 miles, the same as the difference of latitude; 
and her longitude is the same as yesterday. 

The difference of latitude 78.5 miles, or 1 ° 14' N., added to the latitude left, 35° 7 
gives the latitude in, 36° 16' N. 
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EXAMPLE III. 

Yesterday, at noon, we were in latitude 38° 2 (y S., and longitude 10°34' E. At 5 o’clock 
in the afternoon, the sun's bearing by compass was observed to be N. 75° W W. t his cor¬ 
rected altitude being at the same time 22° 15', and declination 18° 47' S.; and we have sailed 
till this day at noon as per log: required the course and distance made good, the latitude 
and longitude in, with the course and distance to the Cape of Good Hope. 


H. 

I 

s 

a 

4 

§ 

6 

7 

s 

9 

10 

11 

12 

1 

t 

I 

4 

5 

6 

7 

8 
9 

10 

11 

12 


! K * 

F. 

| Courses. 

6 


E. S. E. 

5 

4 


6 


I 

4 

1 

6 


0 

I 6 


I 1 

V Calm 


J 

; 1 


S. E. 

1 3 

3 


E. S. E. 

3 

4 

5 

4 


5 

4 


! 5 

5 

5 

4 

4 

6 


1 5 

6 


\t 

4 



Winds. 

ILee- 

,way, 

Remarks. 

N. N. E. 


The first and latter part of these 24 hours a 
moderate breeze and cloudy; the middle, 
light airs and calms, attended with rain. 

Variable. 



S. by W. 



South. 

4 

In 1st. reefs of the topsails. 



No Observation. 


Supposing the variation of the compass at last observation to have been about 2 points 
westerly, the ship has sailed nearly due East from noon to 5h. P. M.; consequently the latitude 
at that time may be considered the same as at noon. Now, with the latitude 38° 20' S., the 
altitude 22° 15', and the declination 18° 47' S., the true azimuth is found to be N. 96° 54' W., 
which, compared with the magnetic azimuth, N. 75° lO' W., gives the variation 21° 44' W. 

The several courses, corrected for variation to 
the nearest degree, and for leeway after 7 o’clock 
A. M., with their corresponding distances, will be 
as in the Traverse Table ; but it is to be observed, 
that as the distance run from noon to 6h. P. 51., 
and from 1 lh. P. M. to 6h. A. 51., are on the same 
course, this course is to be corrected, and with the 
sum of the corresponding distances, 55 miles, 
entered in the Traverse Table as a single course and 
distance 

By the Traverse Table, it appears that the ship has sailed due East: hence her departure 
h equal to the distance run, and the latitude to-day is the same as that of yesterday. The 
difference of longitude is found by Parallel Sailing, as follows :— 

The co. latitude 51° 4CP as a course, and the departure 86'. 6 in a dep. column, give the 
diff. of longitude IKK in a distance column. 

The diff. of longitude ll(K, or l°5(y E. added to the longitude of yesterday 10° 84' E., 
gives the longitude of the ship to-day at noon, 12° 24' E. 

To find the Bearing and Distance qf the Cape qf Good Hope . 

Ut.ofC.ofG.Hope 34 b 2*8.Mer.Parts... 2198 Long.of C.of G. Hope 18°24'E. 

Latitude of ship...... 38 20 S.....«.Mer, Parts... 2494 Longitude of Ship. 12 24 E. 

Biff, of latitude. .... 3 58=238' Mer. diff. lat. 290 Diff. of longitude.. 0 0=36( 

Hence the bearing of the Cape of Good Hope is N. E. 4 E., and the distance 375 m^es^j 
The course by compass is therefore N. 72° 22' E., or E. N. E. \ E. nearly. 
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EXAMPLE IV. 

Yesterday, at noon, wo wore in latitude 6 ° 38* N., and longitude 26° IV W. At 7 o’dock 
this morning we observed the distance of the sun and moon, which gave our longitude at that 
fitrui 200 \y, { and, by double altitudes, we were in latitude 7° 47' N. at lOh. 30m. A* 31.: 

required the course and distance made good by the log, the latitude and longitude at noon 
by dead reckoning, and the same by the observations. 



A pleasant breece with fair weather through¬ 
out. 


Variation by azimuth 8 ° W. 


The variation 8 ° W. being allowed to the left of N. W. by N., gives the corrected conns 
N. 48° W.; and the knots and fathoms summed up, give the distance run by the log in 84^ 
hours, 188 miles: hence the difference of latitude is ©S'. 1 , and the departure 85.6 miles. 

Latitude left. 6 ° 38'N. Latitude left. 6 ° 38* N. 

Diff. of latitude 95', or 1 35 N. Latitude in...... 8 13 N. 


Latitude in by account 8 13 N. 


Sum. 14 5t 

Middle latitude- 7 85 
Com. of mid. lat. 88 35 


The com. of middle latitude 88 ° 35', and the departure 85'. 6 , give the difference of longi¬ 
tude 86 miles, or 1° 8 O'; which, added to the longitude of yesterday, 80° IP W., gives me 
longitude in, by acoount, 87° 36' W. 

To reduce the Observation* to Noon, 

The course N. 48° W., and the distance run from lOh. 30m. A. M., tOl noon, viz. 9 miles, 
give the diff. of latitude V N.; which added to the latitude by double altitudes 7° 47' N., their 
sum, 7° 54', is the latitude by observation reduced to noon. 

The course N. 48° W., and the distance run since 7 o’clock in the morning, 30 miles, give 
the departure made in that interval 3P. 1, and the diff. of latitude S?. 3. 

Lat. by observation at noon. 7° 54' N. Lat. at noon. 7° 54' N, 

Diff. of lat. from 7h. A JM. to noon — 28 N. Lat. at 7h. A. M— 7 38 N. 


Lat. by obs. at 7 h. A. M. 7 38 N. 


Sum. 15 96 

Middle latitude... 7 43 
Com. of mid. lat. 88 17 


The com. of middle latitude 88 ° 17', and the departure 9P. 1, give the diff. of longitude 
made from 7 h. A.M. to noon, SP W.; which added to 26°58' W., the longitude by the observa- 
tien, their sum, 87° 18' W., will be the long, by observation brought on to noon. 
















JOURNAL 


OF A 

VOYAGE FROM ENGLAND TO MADEIRA, 

IN THE SHIP 

BRITANNIA, 

J. W. N. COMMANDER, 

Kept by G. W. Mate. 


1835. 


Dpte. 

Winds. 

Remarks on Board the Ship Britaxwxa, 1836. 

Sunday, 

June y. 

S.8.W. 

8 . W. 

Moderate and dear. At 6h. A. M. the Pilot came on board. 
At 8h. A. M. cast loose from the sheer hulk at Deptford, and 
made sail down the river. At 2h. P. M. anchored in Long 
Reach, and moored ship with a cable each way. 

Monday, 
June 8. 

W. by S. 

Fresh gales with showers. P. M. received on board the 
carpenter's and boatswain's stores. 

Tuesday, 
June 9. 

8 . S. W. 
to 

N.N.W. 

Light airs and fine weather. At 6b. A. M. unmoored, and 
hove short on the best bower. At noon weighed with a light 
breeze from the westward. At 3h. P.M. came to with the best 
bower off Gravesend. Received a chronometer on board, 
which was lm. 45s. slow for Greenwich mean time, and losing 
daily 2.5s. 

Wednesday, 
June 10. 

W.N.W. 

Moderate weather and fair. At daylight weighed and made 
sail. At lh. P; M. anchored with the best bower at the Nore, 
in 9 fathoms. At 5h. P. M. weighed and sailed through the 
Queen's Channel. At 8h. 30m. P. M. came to with the best 
bower at the back of Margate Sand. 

Thursday, 
June 11. 

N. by E. 

N. 

Moderate wind and cloudy, with showers. At 6h. A. M. 
weighed and made sail. At 8h. A. M. ran through the Gull 
Stream, and came to an anchor in the Downs, in 7 fathoms, 
about 1 mile off shore, Deal Castle bearing W. N. W., the 
South Foreland 8. W., and the North Foreland N. N. E. 
P. M. the Pilot left the ship. 


N.N.E. 

A pleasant breeze with fair weather throughout. A. M. em¬ 
ployed filling up the water, stowing the booms and boats, 
and getting all dear for sea. At 10b. A. M. weighed and 
made sail. At noon the South Foreland upper Lighthouse 
bore N. N. W., distant about 4 miles 

This log contains 13 hours, and ends at noon, to commence 
sea logs. 
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gj, 1 !. u. °f?n*rr^ 


1 1 2 |W.S.W.*W. N.N.E. 

2 14 


5 3 2 

6 3 4 

7 3 

8 3 4 

9 2 4 W. * N. 

10 2 4 

11 3 

12 3 

1 3 4 

2 4 

3 4 2 

4 4 2 

5 4 4 

6 5 I 

7 5 2 

8 6 2 

9 7 | W.N.W. i W. N. E. 

10 7 4 

11 8 

12 8 I 4 ! 


Course. Dist. 


Diff. - 

lat, | De P* 


Latitude. 
Acc. I Obs. 


Mm .. . 


Remarks, 7 Saturday, Jtrte 13, 1835, 


Light winds and dear. 

-People employed variously under the Boat¬ 
swain. 

Carpenter making a spare top-gallant yard. 


Dungeness Light North. 


Beachy Head revolving Light W. N. W. 
In 1st. reef of the topsails. 

Brisk gales. 

Berabridge Point N.N.W. $ W. 


Diff. Longitu de. 
long. Acc. Obs. 

7 > 

Chr. 


H. K. F. 



Courses. 


W. N. W. 


N.E.by N. 


Remarks, Sunday, June 14, 1835. 


Fresh breezes and fair throughout. 

At 4 past 1 abreast of St. Catherine's Point, 
off shore about 3 miles. 

St. Aldan's Head N. W. J W. 


Portland Light N. N. W. 


B. N. E. 


N.W.byW. 


W. by N. 


Latitude. 


cc. 


Out reefs of the topsails. 


Two strange sail in sight on the weather 
bow, standing up channel. v , 


1 At noon mustered the ship 
I Diff. I Longitude. I 
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Ship BRITANNIA from England towards Madeira. 

[ H. | K. | F. J Courses. | Winds. 1 Remarks, Monday, June 15, 


Remarks, Monday, June 15, 1835. 


W. by. N. E.N. E. 


A brisk wind and clear, in the first and mid¬ 
dle parts; latter thick, cloudy weather, 
with drizzling rain. 


N. bv W. 


4 & w. 4 W. 


At 6 P. M. the Lizard bore N. E. by N. 
distant 3 leagues ; from which I take my 
departure. 


A. M. stowed the anchors, unbent the cables, 
and coiled them down in the tier. 


Latitude N. 
Acc. I Obs. 


At noon sounded. Ground 76 fathoms; 
sand, shells, and hakes* teeth. 

Variation points West. 

Diff. I Longitud e W Bearing and 

. | Acc. | Obs. Distance at noon. 


As the Lizard is the last point of land in sight, the ship’s departure is taken from thence, 
supposing ft to be in latitude 49° 58* N n and longitude 5° 11' W. t now, as the bearings* 
the Lizard from the ship was N. E. by N., the bearing of the ship from the Lizard was 
& W. by &; but as this is the bearing by compass, the variation 2} points W. is to be allowed 
to the left hand, which will give the true bearing 8 . J W. 5 this is to be entered in the 
Traverse Table as a course, and 3 leagues, or 9 Aiiles, the supposed distance of the LUarf 
from die ship, as a distance run. The courses, corrected for variation, and the distance rug 
by the log, liter 6 h. P. M., are also to be set down in the Traverse Table, as follows 

True " !ruj V a v txr The diff. of lat. 64 f . 78. and departure 49M Wl 
UUt * give the course made good from the Lizard 

---,- 77 S. 37° W., and the distance 81 miles. * 

&} W 9 8 9 1 8 

y.&W.fW. 85 ‘ «1 *4.3 Lat. of th. Li«id 49°63'N. Mzi 

8.S.W. J W. 55 48.7 *3.5 Diff.of.Ut.65m.or 1 5 8. 

Diff.Ut. 84,7 [Pep. 49. lj Ut. in by acc.. 48 53 N. Mer. Partu- 887! 

Sum of latitudes.•« 98 51 .__ 

Middle latitude... 49 25 Merdlff.lat. 109 
Co. mid. latitude.. 40 35 

The course 37°, and the mer. diff. of lat. 100 ', give the diff. of Iona. 75'. 2; or the no* mid. 
1st. 4(P 35' as a course, and the departure 4ff. 1 in a dep. column, give the diff. of longitude 
in a dUt. column 75.5 miles, or . 1° Iff W. 

Longitude of the Lizard 5 11 W. 

Longitude in by account .. 6 27 W. 

The course and distance made good, the whole diff of lat and departure, the lat. and 
long, in by aooount, Ac. are now to be set down in their respective columns, as above. 

S s 


S. 37° W. 81' 


True 

Courses. 

DUt. 

N. 8 . 

E. 

W. 

&|W. 

9 

1 8.9 


1.8 

W.&W.JW. 

25 

(■ 6.1 


94.3 

8 . 8 . W. JW. 

55 

49.7 


23.5 


Dii 

f. lat. 64.7 

Dep. 

49.1 









JGURNAL. 


Ship BRITANNIA from 

I n-_I uri_i„ ILee- 


W. by 8. 


H. K. F. Courses. 


1 5 4 

2 5 

3 5 

4 4 4 

5 4 

6 4 

7 4 

8 3 6 

9 3 2 

10 3 

11 3 

12 3 
1 2 
2 2 

3 3 

4 4 

5 4 

6 4 4 

7 4 4 

8 5 

9 5 

10 5 

11 5 

12 5 


N. by W. 


I N.W.byN. 


N.W.byW. S.W.byW. 1 


S. by E. 


s.s. w. \ 


Diff. 1 x*\ Latitude N. 
Course. Dist. ^ Dep. ^TObT 


S. 42° W. 64' 


47' 4*2' 

o i xr 


48° 6' 48° 6' 


England towards Madeira. 

Remarks, Tuesday, June 16, 1835. 

A moderate breeze with fair weather for the 
most part; latterly thick and cloudy. 


In 1st. reef of the topsails. 
Tacked ship. 


At 2h. A. M. the mer. alt. of the star a Aquil* 
or Altair, was 50°9 / S., which gives the 1st 
48° 22' N. 

Tacked. 

Out reefs of the topsails. 

Tacked. 

Spoke a brig, bound to Newfoundland. 

Variation 2$ points West 
Diff. , Longitude W. . Bearing and 
long. Acc. Ohs. Distance at noon. 

w i 7° 31' £ 


Cape Finisterre, 

c io io ir 


The courses corrected for variation and leeway, with their corresponding distance*, wifibs 
as in the following Traverse Table. 

ri> ___ With the diff. of latitude 47'. 4 S. atoll the dep. 

Courses. ^* 5t the course is found to be $. 42® 

------ and the distance 64 miles. 


S. by W. 3 W 

s.w.* w. 

W.N Vv.lW. 
S. E. \ S. 

w.s. w. 


Dist 

N. 

a 

E. 

24 


22.6 


18 


12.1 


21 

7.1 



19 


14.1 

12.8 

15 


5.7 



_ 

7.1 | 

54.5 

12. 8 * 



71 


Diff. lat. 

47.4 

Dep. 


13.3 Yesterday’s lat. 48° 53'N. 

19.8 Diff. of lat. 47 S. 

13.9 Lat. in by acc.. 48 6 N. 

- Sum of lats. ... 96 59 

55.1 Middle lat.. 48 29 

12.8 Co. mid. lat. ... 41 31 


Mer. Parted. tSI\ 

Mer. Pam... 3301 
Mer. diff, lat. 73 


The latitude found by the star a Aquilae 
at 2h. A. M. being brought forward by the 
log. from that time to noon, places the ship 
in latitude 48° 6' N. 


The course 42° and mer. diff.. of lat.7* 
give the diff. of long. 63'; or the M i ttU kt 
41° 31\ with the dep. 42'.3, give Ae diff. d 
long. 64m., or .. .1° 4* W. 

Yesterday’s longttuoe............ 6 27 W. 


Longitude In by aoccKint . f 31 W. 

7*4 find the Bearing and Datance qf Cape Finisterre . 

Latitude of ship.,,.. 48° ff N. .Mer. Parts... 3301 Longitude of ship «... 7 ° 31' W. 

Lat. of C.Finisterre 42 56 N. Mer. Parts... 2858 Long, of C. Finisterre 9 16 w. 

Diff. of latitude.. 5 lO=31CV. Mer. diff. lat. 443 Diff. of longitude 1 A5-W. 

The mer* diff. lat. 443', and diff. of long. 105', give the true course or bearingS. 13|° W.; 
which course, and the jproper diff. of lat. 310m., give the distance 319 milch The magnetic 
or compass bearing is a. W. | S. nearly. 
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915 


Ship BRITANNIA from England towards Madeira* 

j ■ rrr 

1 Courses. Winds. w ^‘ Remarks, Wednesday, June 17, 1835. 


The first part a fresh breeze and cloudy ; the 
middle and latter clear weather, and less 
wind, with a heavy swell from the S. W., 
for which I allow 12 miles. 

People employed pointing a new main-sail, 
and drawing and knotting yarns. 

At 7b. 56m P. M. the sun set W.58°5<K N. 
by compass, which makes the variation 
22° 31', or 2 points. West. 

Saw a stranger, under all sail, standing to 
the N. Eastward. 

Pumped ship at 14 inches water. 


w. s. w. 


At 5h. 40m. A. M. the mer. alt. of the moon's 
U. L. 31° 38' 15*' S., which places the ship 
in latitude 47° 52' 27" N. 


Obs. mer. alt. of ©*s L. L. 65° 28' 40" S.: 


Course. 

Dint- 

Diff. 

lat. 

Dep. 

Latitude N. 
Acc. , Obs. | 

Diff. 

long. 

Longitude W. 
Acc. | Obs. 

Bearing and 
Distance at noon. 

S.74 0 W. 

75' 

"2^ 

s. 

w. 

47°43'j 

|47°43' 

108' | 
i w. | 

9° 19f 

> i 

Chr. 

Cape Finisterre, 
South, 287m. 


This day the swell setting from the S. W. is supposed to drive the ship 12 miles to the 
N. E., which, corrected for variation, is N. N. E. ; these are therefore set down as the last 
course and distance in the Traverse Table. 

I- Tree LJVi . rrm With the diff. of Ut.2U'.6,»ndthedeptrfcir* 


1 — 

Courses. 

Pist. 

N. 

9. 

B. 

W. 

W.8.W.J 

w. 

44 


14.8 


41.4 

W.8.W.J 

w. 

90 


5.8 


19.1 

8. W.by 

w. 

90 


11.1 


16.6 

N.N.E 

Swell 

} 

19 

11.1 


4.6 





11.1 

3L7 

4.6 

77.1 





11.1 


4.6 



Diff. lat. 

20.6 

Pep. 

72.5 


7t. 5, the oourai 
75 miles. 

Yesterday's lat.« 


t is S. 74° W„ and the distant* 


48° <TN. 
91 8. 


48* tf N. 


The diff. of lat. made between noon and 
mnset, eur.8' 8., subtracted from 48° 6' N., the 
lat. at last noon, gives the lat. 47° 58' N. at 
7h.56m. P.M.* when the amplitude was taken. 

The lat. 47° 334' at 5h.40m. A. M., by the 
0000*1 mar. alt, being brought si to noon by 
the log. makes the law 47° 484' K 


Lat. hi by acc..,. 47 48 N. (Ohs.)47 43 N. 

9um of latitudes. 85 49 

Mid. latitude . 47 54 

Co. mid. latitude. 42 6 

The co. mid. lat. 49° O', and the dmurtnre 
72'. 5 give the diff. of long. MW or... 1<*48*W. 
Yesterday’s longitude.. 7 31 W. 

Longitude in by account . 9 19 W. 


i34'N. at 5h.40m. A.M., by the Note. —The coune being large, the diff*. of 

L, being brought si to noon by long, is found by middle latitude in pre- 
the log, makes the law 47° 43|' N. ference to Mercator’s Sailing. 

To find the Bearing and Distance of Cape Finistcrre. 

Lat. of ship by obs... 47 ° 43' N. . Mer. Pans... 3966 Longitude of ship.9® 19' WV 

UkofC. Flnisterre 49 58 N. Mer. Parts... 2858 Long.of C. Finisterre 9 16 W. 


Dit. of latitude..... 4 47=987' Mer. diff. lat. 488 Diff. of longitude. 3 

Hence the true course is nearly South, the compass course S. S. W., and the dist.387 mile.* 
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vShip BRITANNIA from England towards Madeira. 

h. Ik. 

F. 1 Courses. 

Winds. 

way. 

Remarks, Thursday, June 18, 1835. 

1 3 

West. 

S. S. W. 1 


2 j 3 



Mostly fresh breeaes throughout, with cloudy 

3 ( 3 

2 


weather, and rain at times. 

4 1 3 

2 


In 1st. reef of the topsails. 

5 * 




6 4 

7 4 

4 


Tacked ship. 

8 5 

8 . S. E. 

S. W. I 

At lOh. 8 in. P. M., the obs. alt. of the Polar 

9 5 



Star was 46° Iff N n which gives the lati- 

10 5 



tude 47° 19' N. 

11 5 

S. hv E. 

S.W.bvWJ 


12 1 5 

* 

• 

At 12h. the foot rope of the miaen topsail 

1 5 

4 


gave way ; unbent it, and bent another. 

2 5 

2 



3 5 

4 5 

4 S. by W. 

W.byS. 

At 9h. 26m. 14s. A. M. the alt. ©’s L. L. was 

5 5 

6 


50° 3ff 30", bearing by compass S. E.; and 

6 6 



at 1 lh. 24m. 34s. the alt. ©'s L. L. to 

7 6 



65° 43 ' 10", which gives the lat. by double 

8 6 

4 


altitudes 46° ff N. 

9 7 




10 7 

2 



11 6 
12 6 



Variation 2 points West. 


l_. 1 Diff. 1 

I Latitude N. 

i Diff. Longitude W. Bearing and 

Course. 

I u ‘ st -| lat. r e P-| Acc. 1 Ob.. 

| long. Acc. Obs. Distance at noon. 

S. 7°E 

• » * i * 

46° ll'| 46° 3' 

1 18' oo u D Cape Finisterre, 

E. 9 1 Chr. S. 1W., 187m. 



The let. by the Polar Star at lOh. 8 m. P.M. 
being 47° Iff N., and the ship having made 
by the log 76'. 5 of southing to noon, give 
.the lat* at that time 46° 3V N. 


The diff. of latitude 91'. 5, and dept It'. 9,£fo 
the course 8 . 7° E. and the distance 99 miles. 
Yesterday's lat. by obs. 47° 43' N. Mer.Pts.3S97 
DifF.oflat.byace.99'or 1 39 8 . 

Lat. in by account ... 46 tl N. 

Lat. in by obs..46 3 N. Mar. Pts.3110 


Mer. diff of lat. by obs*. 149 

The coarse 7°) end the mer. diff. of lat. by 

obs. 14(F, give the diff. of long.. ff* Iff B. 

Yesterday's longitude. 9 19 W. 

Longitude in by acoount. 9 1 W. 


The latitude by double altitudes, when the greater alt. was observed, is 46° 6 * N., which, 
corrected for the run of the ship to noon, places her in lat. 46° ff N. at that time. 


To find the Bearing and DiHanoe qf Cape Finiotetr* - - * 

IM. of ship br ob*. 46° V N. Mer. Par*... SW Wltad. of ylup «... 9° V W. 

Let. of C. Finisterre 49 56 N. . Mer. Parts... 9858 Long, of G Fmisterre 9 16 W. 


Diff. of latitude. 3 7 = 187' Mer. diff. 1st. 262 Diff. of longitude. 15' 

Hence the tme course is about 8 . f W., the magnetic course S. S. W„ and tbs 
distance 187 miles. 













JOUfcMAL. 


Skip BRITANNIA from Enqlanp towards Madeira. 


H. jX-lF.! Conreee. 


A by W. 


4] a** 

!i 

t i 

4 i 

6 West. 


Winds. 


iLee-| 

W 


W. by So 


S.W.byW, 


South. 


! 4 

I 4-' 

i * Wo by 8. 

! 4 : 


Course. 


SJ8°W. 


Ditto 


124' 


Diff. 

l>t. 

W 

8 . 


Dep. 

67^5 

W. 


8. by W 
Latitude 


Remarks, Friday, June 19,1889# 


Fresh breezes throughout, with fisir weather 
and smooth water. 

People employed under the Boatswain.—- 
Carpenter making a top-mast studding- 

sail boom. f 

Sail-maker ma king a quarter-deck awning. 


Tacked. At lOh. P. M. obs. alt. of the Poly 
Star was 43° 6ff N., which makes the lati¬ 
tude 45° S'N. 

At 4h. 80m. A. M. the sun’s azimuth by 
compass was 8. 81° Iff the alt. of its 
L. £719° 4ff 10", and the lat. brought 
on by the log from lOh. P. M., 44^39' N., 
which give the variation 23° 32* W. 

Pa ss ed by a ship under American odours 
standing to the eastward. 

Mer. alt. O’* L- L- 68° 5ff 5ff' 8., hence the 
laL by obs. 44° Iff N. 


Aoc. 


44° Iff 


NT 

Obs. 


Diff. 


K 1 *! w. 


Longitude W. 


Aoc. 


Obs. 


Chr. 


Bearing and 
Distance at noon. 

Cape Finisterre 
8.85° E. 101.5 m 


Courses. 

N. 

S. 

£. 

W. 

A by W. 83 
AfiyE. !«* 
Vert. 74 

W. by 8. *9 


82.4 

81.4 

5.7 

6.2 

6.4 

74.0 

28.4 

i Diff.lat. 

■ i 

69.5 

6.2 

Dep 

108.8 

6.2 

102.6 


In thia Trmm Table, the magnetic or com* 
dus counet are entered, which give the diff. of 
kTe^.S, md the depwtur. lOff.6; «**%**• 
ing to these are the magnetic course 8.«r vf- 
and the distance 124 m i les . 

Magnetic or compear ooune, 8. #8° W. 

Variation by asimuth *3 W. 


True course ..^ 


W. 


Yesterday’s lat. by obs. 48° 8' N. Mer.Pts. 8120 
DHL of it. 104m. or 1 44 8 . 

Latwin by aooount ... 44 19 N. Mer.Pts. 2972 

Sam of' latittUe*..—• »» « Mer.diff.Uu 148 

MiA latitude..45 11 # ^ _ 

Co. mid. Utitude. 44 49,and the dip. 67*. 5 

girt the diff- of longitude 96 miles. 


The true coon. S. 33° W„ and Urn dm-, 
tance 1*4 mile*, give the true ff. of Utt- : 
tude 104'. 0, and the true dep. 67.5 mltoa. 

The coune S. 33° W., and the mer. diffj 
of latitude 148*, give the diff. of lon|itudd 

**Ye»terday’« longitude.. 9 1 W. 


Ixmgitude in by Koount ......10" 87 W. 

To find the Bearing and Distance ef Cap* FinUtorr*. „ 

S^ttStsTSV;. 

IK Ik**.- 1 »=•* *>«■"“• 114 ' ""‘L 

' ’’'Sebefe the true (haring of CpeFinUterr. U S. 85- R, or 8. H? *• by co-p-., «d the 
distance tOk. 8-miles. 
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H. 

K. 

F, 

Course* 

1 

2 

T 

6 

T 

9 

W. by 8. 

3 

6 



4 

5 



5 

5 



6 

7 

5 

5 


8. E. by 8. 

8 

4 



9 

4 


8.8. E. 

LLJ 

4 



11 

3 

6 


12 

3 



1 

2 

* 


f up 8. by E. 
off 8 E. by E. 

3 1 

4 

- 


upW. by 8. 
offNWbyW 

5 

3 


W.byN. 

6 

3 


7 

4 



8 

4 

6 

West. 

9 

4 ; 

2 


on 




n 

4 



12 

4 




Course. 


S. W. 


8. by W. 

8 - W,by 8 ; 

8.W. 


Variable* 
S. W.by8. 

as.w. 


Diet. 


41' 


*«“*<“» fjaturdmy, Jm* SO, 1835. 

Strong bream, with rain, attended witk 
hard aqnaili, thunder, and lightning. 

In lit. reef of the topeaila. 

Tacked. 

Sqtrally. In Ipp^aUaat tail*. 

Ill id. reef of the top-sails. 

Down top-gallant yards. 

Hard squalls. H a nd ed the maiivsail sad, 
misen top-saiL 

C3ote reefed, and handed the fore and tnsiai 

to P“ ,a i|*» and brought the ship to under s' 

fore-sail, nusen, and main stay-sail. 

Wore ship. 7 

At daylight more moderate. Set the top* 
sails double reefed, and the fnfiin-saili Up 
topgallant yards. P 

Pair weather. Out all reels of the to ms alls 
Set the top-gaDant 


Difl. 

lat. 

«r 

8 . 


Dep. 


ir 

w. 


Latitude N. 


Acc. 


4&SQ/ 


ObsT 


Diff 

long. 


40' 

W. 


Variation 2 points We st. 
Longitude W7 


Aoc. 


u°\r 


Ohs. 


Bearing and 
Piila n oe at 


) 

Chr. 


| Cape Finisterre 
&E.by E.jE. 


itappmra by (hi. d.y*» log, that the .hip has been lying-to from midnight to dh. A. M- 
Awefore the middle point, between thorn the ship common to and .ifij' l 

<?. * *"<?•<* to P*» «». together XthX d££ ^chto 

T * *" u “ er “ d m ** Twene ™ e -*•*«&-**» 

The diff. of lat. 15'. 4, and dep. 37'. 3, give th# 
Magnetic course 6 pts. or W. 8. W., and the dis¬ 
tance 41 mfles. 

The variation 9 pts.West,allowed on them** 
neuccourse W. 8. V., give the true course S.W„ 
^ist. miles, give the true diff 
of lat. 29\ 0 8,, and the true departure 29'.0 W. 

Yesterfav*s lat..44° 19* N....Mer. Parts. 2971 

Diff lat. by aoo.. £9 & 


* Magnetic 
Courses. 

Dist- 

N. 

8. 

E. 

W. 

UMbyS. 

29 


5.7 


28.4 

8.E. 

14 


9.9 

8.9 


8. E. by 8. 

15 


12.5 

8.3 


East. 

2 



3.0 


N.N.W. 

9 

1.9 



0.8 

W.N.W.iN. 

10 

4.7 



8.8 

wjtyr.iw. 

21 

6.1 



20.1 



12.7 

28.1 

80.3 

58.1 




12.7 


20.9 


Diff. 

lat. 

15.4 

Dep. 

37.9 


Latitude in by aoc. 43 00 N.. 
Sum of latitudes ...88 t 
Mid. latitude ....,.,..44 4 
Co. mid. latitude ...45 56 


•Mer. Parts. 288 
Mer. diff. lat. 40 


5ff, and dep. 29'. 0, or the course 4 pta, and meiv diff of laL 4(7, 
* wluch Mlded to yesterday's long. l^SI W^gwe the tag. In by 


74 Diff. of longitude •*•••• 9 J=f*1 
. by B. J E., or 8. £. 4 8. by compass, 


m. TO WIMV. VI UUU« laid* HU 

give the diff of long. 4ffW 
acc. 11° 17' W. 

To find the Bearing and Distance qf Cape Finisterre 

lAt. of L. Finisterre.. 49 56 N.Bier. Parts ... 2658 Long, of C. Bfetoene 9 16 V. 

Diff. of latitude . 54' Mer. diff. lat. 

Hence the true beering of Cepe Fbustcrre is 8. 
and the distance 165 miles. 





















JOURNAL. 


m 


Ship BRITANNIA from 3 Bwolaw 1> towards MadEi ft A. _ 

\ I Course*. Winds. Remarks, Sunday, June 21, 1835. 

I West. S. S. W. 1 | Fair weather throughout. 


6 W. by S. S. by W. 


aW.byW. S.byE. $ 


At6h.l0m.P. M.theQ’s azimuth by compass 
was N. 52°2O' W., the altitude of his L. L. 
16° 4(7 20", and the latitude 43° 4ff Ni* 
which give the variation 21° 2' W. 

At lOh. 22m. P. M. the mer. alt. of the star 
Antares was 20° 50" S., which makes 

the latitude 43° 33' 15" N. 


S.E.by S. 


8.46° W. 


A. M. Performed divine service, and mus¬ 
tered the ship’s company. 

Mer. alt. O’* L. L. 70° 38' 27'' S.; hence the 
lat. at noon by obs.is 42° 37' 50" N. 


Dep. 

Latitude N. Diff. 
Acc. 1 Obs. long. 

Longitude 

Acc. 1 Obs. 

Bearing and 
Distance at noon. 

^4 H 

W. 

42° 38' 

42° 38' ^ 

13° O' 

3> 

Chr._ 

Porto Santo 

S. 15° \V.596m. 


Magnetic ^ 
Courses. 

N. S. 

E. 

W. 

W.brN.jN. SO 
Wat 15 

8 W.b.W | W 35 
S.W. 41 

4.9 

16.5 

29.0 


19.4 

15.0 

30.9 

99.0 


4.0 45.0 
4.9 

Dep. 

94.3 

| 1 Diff. lat. 1 40.0 




The diff. of lat. 4(7.6 and the dep. 94'. 3 give 
the magnetic course S.67°W. and the distance 

103 miiea, 

The variation il°W. allowed on the taagnetfd 
course, give the true course S. 40° W*, which 
with the distance 103nu, givd the true diff. of lat; 
iVm 5, and true departure 74'. 1 . . j 

Yester.’s lav brace. 43° N. Mdr. Parts 1932 
Diff. of lat. 7i'.5pr 1 12 8 . . !. 

Lai, in by account. 42 38 N. Mer. Parts S83fl| 

6uin of latitudes... 88 28 --J 

Middle latitude ... 43 14 Mer. diff. lat. 99 


* In working up die log from noon to Co. mid. latitude... 46 46 
«h. 10m. P. M., the latitude, when the axi- The co. mid lat. 46° d#'with the dep. W. l>g»v# 

mhth #at taken, is found to be 43° 46 / N., the diff. of long. lOlm., or the course 46°,and ioSbr. 
and the longitude by account at that time diff. lat. 9 ff, give die dift of long. 10 ff.fi 
ll° 5F W,, wfch which, the rariation is Yesterday’s long, by see.... 11° 17 r W. 
found at above. Diff. of long. 102.5m. at i d W» 


Longitude in by account... 13 0 W. 

To find the Bearing and Distance qf Porto Santo . 

Lat. of shin by obs. 42® 38' N.Mer. Parts... 2833 Longitude of ship... 18° O' W. 

Lat. of Porto Santo 33 8 N.Mer. Parts... 2108 Long, of Porto Santo 16 19 W. 

Diff.of latitude.. 9 35=575'. Mer.diff.lat. 730 Diff. of kmgitude ... 8 19=199'. 

The mer. diff. lat. 73(7, and the diff. of long. 199\ give the truecourse 8.15° W.; this 
Mne, and the pWpet diff. of lai 575, give the distance 59* mile* The eourse to be seeded 
tt thdrdfort S. 86 ^ W./or S. W; f 







JOURNAL. 


Ship BRITANNIA from England towards Madeira. 

H. 

K. 

F. Courses. 

Wind* L,ee ‘ 
way. 

Remarks, Monday, June 22, 1835. 

1 


4 

S. W. 

S. E. 

Variable light breezes and calms, with hot 

2 


i 



sultry weather throughout. 

3 


i 

6 


People and tradesmen employed variously. 

4 


3 

2 



5 


1 



Tried the current, and found it setting N. E. 

6 


2 

4 


by N. at the rate of § a mile per hour. 

7 


2 

4 

Variable. 


8 


1 




9 


> 



At 12h. 31m. P. M. the mer. alt. of the star 

10 


2 



Lyra or Vega was 86° 2ff S*, which gives 

11 


> 



the lat. 42° 16' N. 

12 






1 





At 4h.30m. A.M. the sun’s amplitude by 

2 





compass wasE. 12°14'N.and thelat.42 0 16'N. 

3 

4 




Calm. 

which give the variation 20° 19* W. 

5 





At 8h. A. M. observed as follows:— 

6 





Times by Chron. Obs. alt Sun’s L.L. 

7 

i 

1 

S. W. by S. 

N. E. by E. 

•20h.47m.46s. 36° 38' 30' 

8 

i 

I 

6 


48 50 47 40 

9 

2 



49 52 56 30 

10 

2 

4 | 

E. by N. 


11 

3 



Obs. mer. alt. O’* L. L. 71° 13' 10" S.; hence 

12 

3 

6 1 


the lat. at noon by obs. is 42° 3' 12" N. 

r*.,, 



i . 1 Diff. t. 

| Latitude N. 

Diff. Longitude \V. Bearing and 

L/Ol 

in 

ip. 

" Iat * lat. r»"| Acc 1 Obs 

long. Acc. Obs. Distance at noon. 

S. 24° W 

, v 32' 1 14 
. s I w 

42° 6' 42° & 

21' i-o ov 7> Porto Santo, 

W. Chr. 13° 3' S. 16° W., 562m. 


By this day’s log, it appears that the current set N. E. by N. by compass, and the drift wm 
at the rate of half a mile per hour, making 12 miles in the 24 hours; these are therefore 
down in the Traverse Table as a course and distance. 

'' Alajruetic I™ J v I c v w l The diff ****• * 4 '- 9 * and 4 * 

Course* ^ st * magnetic course S. 44° W. and the diet. 35 onto* 

---— The variation 20° 19* W. allowed on the wag* 


gives the true diff. of lat. 3^.0, and true depar¬ 
ture 14 r .2. 

Yester.’s lat.by obs. 42°3ff N. Mer. Parts SOS 
Diff. of lat. by acc. 82 8. 


Magnetic 

Course*. 

Dfet 

N. 

& 

E. 

W. 

S.W. 

8. W. by 8. 
N- E.byN.) 
Current J 

33 

14 

12 

10.0 

23.3 

11.6 

6.7 

23.3 

7.8 



10.0 

34.9 

10.0 

6.7 

31.1 

6.7 


Diff. lat J 

24.9 

Pep. 

24.4 


^ ^ j Lat. in by acc.. 42 6 N. 


• The chronometer was received on board Lat. in by obs... 42 3 N. Mer. Parts 170 

June 9th, when it was lm,45s. slow for 

Greenwich mean time, and losing 3As. daily: Mer. diff. lat. by obs. if 

the interval being nearly 18 days, gives the The course 24°, and the mer. diff. of btt.tr 
accumulated rate 82.2s. The longitude by obs. 47'• give the diff. of long......... fPtP -w. 

chron. at the time of the above observations Yesterday’s long, by acc..IS 9 W. 

is 13° O' W. t and the diff. of long, to noon ■ - * 

S' W.^beinpguided, placet the ship in longi* Longitude in by account.13 21 

To find the Bearing and Distance qf Porto Santo* 

Let. of ship bv obs-.. 42° 3' N...Mer. Parts... 2786 Longitude by chron. Iff ff 

LaU of Porto Santo... 83 3 N.Mer. Parts... 2103 Long, of Potto Santo 16 If W. 

DMT. of latitude.. B 0=540' Mer. diff. lat. 683 Diff. of longitude 111?^ 

Hence the true course is S. 16° W, magnetic course S. 35° W., and ASatuact 562 mba 


Longitude in by aooount.13 21 













SOUTttfAL. 


°8*1 


Ship BRITANNIA from England toward? Madkiba. 


H. ' K. 

I F. 

Courses. 

| Winds. 

Lee¬ 

way. 

Remarks, Tuesday, June 23, 1835. 

f | 4 


jS.S. W.iW. 

E. by N. 


An increasing breeze throughout, with fair 

2 4 

4 




weather and smooth water. 

3 5 






4 « 





Stayed the masts, set the rigging up, and 

5 5 





rattled it down, fore and aft. 

« 5 

2 





7 5 

6 

1 

Variable. 


At 2h.54m. P. M. the observed dist. between 

8 6 





the sun and moon was 39° 6' 8", the alt. of 

9 6 


L vft I+SoaA 



the O’* L. L. 49° 20' 45", and the alt. of 

10 6 

4 


S. E. by E. 


the )>’s U. L. 16°3(7 15" (no index errors). 

11 7 


h sdl hi* 



making the long. 12°58' \V\, which brought 

12 7 





on to noon bv the log, gives the longitude 

1 7 





13° 54' W. 

2 7 

3 7 





In 1st. reef of the topsails. 

4 8 


S. W. by IV. 

S.E. 


At 7h. 10m. A. M. observed as follows :_ 

5 7 ; 





Times by Chron. Obs. alt- Sun's L. L. 

G 7 

4 




20h.2m. 4ls. 27°30'30" 

7 7 

6 

S. W. 

s. e. 4 a 


3 32 38 20 

H 7 

2 




4 44 46 40 

9 8 





which give the long, at noon 14° 2' W. 

10 8 





Obs. mer. alt. of O’* L. L. 73° W 47" S.: 

11 7 

4 , 


► 


which gives the lat. at noon 39° 36' 10" N. 

12 7 

d 1 




Variation If point West. 


Course. 

Dist. 

1 Diff. 
lat. 

^ Latitude N. 

e P* Aco. | Obs. 

Diff. 

1 long. 

Longitude W. 
Acc. | Obs. 

Bearing and 
Distance at noon. 

S. 17° W. 

153' 

fu& 

1 s. 

39°37' 

39°36' 

60' 

w. 

14° 21' 

J> 13° 54' 
Cbr. 14 2 

Porto Santo 

S. 164° W. 409m. 


The courses l>eing this day corrected for variation with the corresponding distances, will 

to 1» lit the Traverse Table. 

"" fnlfc L.. ' ' I' _ '" ... The diff. of lat. 146'. 3, and departure W.7 t 

Courses. give the true courses. 17 ° W., and the distance 

----*---- 163 miles. 

S. i , W . 8$ 87.0 1 2. 9 Yes lat. by obs. 42° 3* N. Mer. Parts... 2788 

S.W.J 8. 22 17.7 13.1 Diffi lat.Uffor 2 26 S. 

8.S.W.JW. 48 41.8 19.7 - 

. —V -- Lat. in by acc. 39 37N.(obs.)39 0 36' M.Pts.2591 

Piff. let. 148.3|Pep-i 45.71 Sum of Ut.... 81 40 ^-r- 

ThuUc tt-Sh. Mm. P. M-, brought on from Middle U*. — 48 Mer - diff; l«t. 195 

th. iituvM Tk. .;™» .. mid. lat... 49 10 


TheUcMSh. Mm. P.M., brought on from ™w«uo u*.... w w Mer.aittiMtt. lilt 

the last obs. U 41° 5ft' N. The mean time at Co * m,d ' 48 10 

the ship it found by the sun’s altitude. ..... ’ ... , 

The diff. of Ut. made good between 7h. 10m. . _, T J® ?°’ n ? 1<L .. I i tlt H* 18f ’ ^P* 

4U«. and noon, is 34' S., which being added to 45 ■ 7 ’ 8^? the diff. of longitude W. 5 j or the 
W’M' N., the Ut. by obs. at noon, give the ~“"^17", and *e mer. diff. of lat 196', give 

Iat-40° Ilf N., when the sights were taken for thediff. of long. diK, or..., . ,1 

(hiding the long, by chron.; these give the long. Yesterdays long, by aoc. ...... 13 21 W.i 

at that time 13° 4 V W., to which add the dm. T . . . . 

dfW made to noon, vis. 21' W., their sum Lon « itu *> » «oount ...... 14 21 W. 

14° TW.* will be the long, at noon by chron. ’ 

To find the Bearing and. Distance qf Porto Santo, 

bat ®£abh) by oba. 39° 3ff N .Mer. Parts... 2591 bong, of ship by lunar. 13° 54' W. 

Ito. oft Pbnn Santo 33 8 Mer. Parts... 2103. Long, of Porto Santo... 16 19 W.; 

Diflf'.V latitude^... 6 33=393' Mer. diff. lat.. 486~Diff. of longitude 2 

.*■ Hewce. the true bearing cf Porto Santo is S. 164° W„ or S* W.i W* ; ap4 the distance 
409 miles. The course by compass is S. W. f S. . * v . -, ^ a 

T T 


will be the long, at noon by chron. 

To find the Bearing and. j 

[>by oba. 39°36' N.Mer. Parts.. 

to Santo 33 8 N....~.Mer. Parts.. 









JOURNAL. 


Ship BRITANNIA from England towards Madeira. 

. I Courses. Winds. !^*”| Remarks, Wednesday, June 24, 1835. 

S. W. S. E. A fresh breeze throughout, with passing 

i ' stjualls, and rain at times: latter part fine 

clear weather. 

People and tradesmen employed as yesterday. 

Gunner painting the boats. 

At 6h.30m. P.M. the sun's azimuth by com¬ 
pass was N. 50° 18' W., and the alt. of its 
I/. L. 11° 20' 10", which, with the latitude 
38° 50* N., give the variation 18° 42* W. 
S. E.byE. At 4h.23m. A.M. the obs. dist. between the 

f I # Komalhaut and })*s remote limb was 

98° 3<K 10", the #’s alt. 20° 1CK 20", and 
t alt. J's L. L. 11° 50' 40", East of inerid., 

S. E. making the long. 14° 50', which brought 

to noon, gives the longitude 15° 32' W. 

At 8h. 0m. A. M. observed as follows :— 
Times by Chn>. Obs. alt. Sun's L. L. 

21h.0m.24s. 37° 5' 20" 

S. W. 4 W. S. E. by S. 1 36 17 40 

2 52 30 15 

! which gives the long, at noon 15° 39' 45" W. 

i Obs. mer. alt. ©*s L. L. 76° 25' 10" 8., which 


W. 4 W. I S. E. by S. | 


| 12 1 7 | 

gives 

the lat. by obs. at i 

ioon 36° 50 7 N. 

Course. 

Dist. 

Diff. 

| lat. 

I)cp. 

i Latitude N. 
Acc. i Obs. 

Diff. 

long. 

Longitude W. 
Acc. 1 Obs. 

Bearing and 
Distance at noon. 

8.27°W. 

186' 

165' 

S. 

1 W.J 

j 36°51' 36° 50' 

108' 

W. 

16° O' ^ 15°32' 
10 J Chr.15 40 

1* 

S. 94° W. 230m. 


The courses corrected for variation, per azimuth, to the nearest degree, with the corre¬ 
sponding distances, will be as under. 

True )rfc . _ The diff. of latitude 1 65'. 2 , and the departure 

Courses. P ,9t ' N * & E * ! W * 0, give the true course S. 27° W n and the 
--,-i- - 1 - distance 186 miles. 


True 

Courses. 

'Dist- N. 

S. E. 

j w. 

S. 26° W. 

148 

133.0 

64.9 

S. 32 W. 

38 

32.2 

20.1 


Diff. lat. 

165.2 Dep. 

85.0 


Yes. lat. by obs. 39°30' N. 
Diff. lat. 165' or 2 45 S. 


39°36'M.Pt&2591 


Lat. in by acc. 36 51 N.(obs>36 50 M.Pts3280 

The lat. by acc. when the sun’s azimuth _ 77* .. ^ , T77 

was observed at 6h.30m. P. M. was 38° SO'N. . fumoflats... 76 26M.D.L.2I1 

The lat. by acc. at 4h 23m. A. M. when the "**“■ -Vi U • ••• ®, 

dist. was observed, was 37°41'N. and the long. ^°* mi< ** ktitude 5147 

by the lunar 14° 50/ W., which, brought The co. mid. lat. 51° 47', and the dep. 85' 
to noon by the log, places the ship in long, give the diff. of long. 108 m. ; or the course 27°, 
15° 32 / W. and the mer. diff. of lat. 211', give the dilF.of 

long. 107.6 miles, or. 1° 48' W. 

Note. The star being too near the meri- Yesterday’s long, by acc.. 14 21 W. 

dian when the distance was taken, the mean - 

time at ship waa found by the moon’s altitude. Longitude in by account .16 9 W. 

To find the Bearing and Distance of Porto Santo. 

Lat. of ship by obs... 36° 50' N. Mer. Parts... 2380 Long, of ship by lunar 15° 32' W. 

Lat. of Porto Santo 33 3 N. Mer. Parts... 2103 Long, of Porto Santo 16 19 W. 

Diff. of latitude. 3 47 = 227' Mer. diff. lat. 277 Diff. of longitude. 47' 

Hence the true course to Porto Santo is S. 94° W. or S. } W., the magnetic coune 
S. S. W. 4 W. nearly, and the distance 230 miles. 
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Ship BRITANNIA from England .towards Madeira. 

r\ _ I nr* o_ |Lee-| tj _i_ mi _j_ t _ncr 


H. K. F. | Courses. 

i 77, sTwT 


Remarks, Thursday, June 25,1835. 

First part a fresh breeze; middle and latter 
more moderate, and smooth water. 


W.S.W. South. 


I 6 j S. £. by £. S. by W. 

I 6 f 


At 7h. 14m. P. M. the sun set W. 46° 23' N. 
by compass, which gives the variation 
16° 53' W. or 14 point. 

At 10h.6m. P.M. the mer. alt. #Antares, or a 
Scorpii, was 28° 5' S., making the latitude 
35° 57' N. 


West. S.S. W. 


Course. Dist. 


8.29°W. 65' 


57' 32' I 

S. I W. i 1 


Latitude N. 
Acc. Obs. 

35° 53' 35° 46' 


At 9h. A. M. observed as follows:— 

Times by Chron. Obs. sit Sun’s L.L. 

21h.58m.46s. 48° 1 O' 45" 

22 0 8 21 15 

22 1 34 31 50 

which give the long, at noon 16° 20' W. 

Obs. mer. alt. O’s L. L. 77° 28' 10" S. gives 
the lat. at noon 35° 45' 51" N. 

I Diff. Longitud e W, Bearing and 

long. Acc. Obs. Distance at noo n. 

* 44' | 1 C okq/ D 16° 12' Porto Santo 
! W. | 16 Chr. 16 20 S.2°W.163m. 


The courses corrected for variation per amplitude at sun-set, and for leeway, with their 
corresponding distances, will be as under. 

True j)i gt ^ I g £ ™w71 The diflf. of latitude 56'. 8, and dep. 32'. 1, give 
Courses. _‘_the course S. 29° W., and the distance 65 miles. 


Diff. of lat. 0 57 & 


I/IU« MllsUUi I/O. V n m ^ rv T 

I Q Sum of latitudes...... 72 36 ...M. D. L. 79 

■ Middle latitude.36 18- - 

i Dep 32 1 Co. middle latitude... 53 42 

The lat. at sun-set brought up by the log since last noon, is 36° 7' N. At 9h. A. M. the 
lat. by acc. is 35° 46' N., and the long, by chron. at that time 16° 9 # W., to which the long, 
made up to noon, 11' W., being added, gives the long, by chron. at that time 16° 20' W. 
The long, made by chron. since last noon is 40' W.; this being added to the long, of yesterday 
by the lunar, which was 15° 32' W., gives the long, brought on by chron. 16 Q 12' W. 

The co. mid. lat. 53° 42', and the dep. 32'. 1, give the diff. of long. 40'; or the course 29°, 
and the mer. diff. lat. 79 1 , give the diff. of long. 43'. 6 W.: this being added to yesterday’s 
long, by acc. 16° & W., gives the long, by acc. this day, at noon, 16° 53' W. 

To find the Bearing and Distance of Porto Santo, 

Lat. of ship by obs... 35° 46 / N.......Mer. Parts... 2301 Long, of ship by lunar... 16° \7t W. 

Lat. of Porto Santo. 33 3 N.Mer. Parts... 2103 Long, of Porto Santo ... 16 19 W. 


True 

Courses. 

Dist. 

N. 

S. E. 

W. 

SS.W.JW. 
S. W. by W. 
E. i S. 
West. 

52 

15 

27 

22 


45.9 

8.3, 

2.626.9 

24.5 

12.5 

22.0 


Diff. lat. 56.8 26.9 

1 1 

1 

59.0 

26.9. 



_ 

iDep 

32.1 


Diff. of latitude. 2 43 = 163' Mer. diff. lat. 198 Diff. of longitude. 

Hence the true bearing is S. 2° W. or S. J W. nearly, and the distance 163 miles. The 
course by compass is therefore S. 19° W. or S. by W. ^ W. nearly. 
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S&4 


Ship BRITANNIA from England toward* Madeira. 


H. 

K. 

F. 

Courses. 

Winds. 

Lee¬ 

way. 

Remarks, Friday, June 26,1835. 

1 

8 


West. 

8. & W. 

u 

An increasing breeze, and fair throughout. 

2 

3 






3 

4 






4 

4 

6 

S. W. by W. 

S. by E. 

1 

P. M. bent the best bower and sheet oablts, 

5 

5 





and unstowed the anchors. People other- 

6 

5 





wise employed, reeving the harbour-gisr, 

7 

5 

4 . 




and in sundry small jobs. 

8 

6 


South. 

East. 



9 

6 





At 8h. P. M. the alt. of the Polar Star wis 

to 

6 





34° S', which gives the lat. 35° 29' N. 

11 

6 


S.S.E. 




12 

6 





At lh. 20m. A. M. the meridian ah. of the 6 

1 

6 

4 


E. N.E. 


a Aquilae or Altair, was 63° 83' S., making 

9 

6 

6 




the lat. 34° 68'N. 

3 

6 

6 





4 , 

7 

i 




At 8h. A. M. observed as follows:— 

5 

7 





Timet by Chrotw Ota. alt. Sant LL 

6 

7 





21h. 1m. 50s. 86° 40*45" 

i 7 

7 



N.E.byE. 


2 58 48 20 

8 

7 





47 55 45 

1 9 

7 

4 




which give long, at noon 15° 3€f 15" W. 

10 j 

8 





Obs. mer. alt. Sun’s L. L. 79° 16' 15" S. giim 

11 

i 8 



N.E. 


the lat. at noon33°5ff 2" N. 

12 

7 

4 


1 

i 


Variation 1£ point West. 


Course. 

Dist. 

Diff. 

lat. 

Dep. 

Latitude N. 

Diff. 

long. 

Longitude W. | Bearing and 

Acc. 

Obs. 

Acc. 

Obs. j Distance at noon. 

S. 21° 4 E. 

ny 

m 

42* 

E. 

34° O' 

88°56' 

53' | 
E. 

16° O' 

> 15° 22' Porto Suito 

Chr. 15° 30* S.W. JS. 72m. 


True 

Courses. 

Dist. 

N. 

S. 

E. 

W. 

West. 

s. w. 4 w. 

S. by E. 4 E. 
S. E. 4 S. 

10 

20 

18 

98 

Diff 

lat. 

12.7 
17.2 

75.7 

5.2 

62.2 

10.0 

15.5 

105.667.4 

25.5 

Dep. 41.9 

25.5 


The diff. of lat. IO^. 6, and dep. 41'. 9, gwe 
the course S. 214° E., and the distance 113 mik* 

Yest. lat.... 35°40^. 85°dG' M. Pis. 2SW 

Dif.lat.100'or 1 46 S. 


Lat. by ace...34 0 N.(obs.>33 56 M.Pts. fltf 


Sum of latitudes . 69 42 M.D.L. 134 

Middle latitude.. 84 51 ——* 

Co. middle latitude ... 55 9 


The comp, of mid. latitude 55° O', And the departure 41'. 9, give the diff. of tong. 
the course 214°* and the mer. diff. of lat. 134', give the diff. of longitude 52.9 miles. 

Yesterday’s long, by acc.... 16° 53' W. Yest. long, by lunar, brought on 16° 12^. 
Diff. of long, by acc.. 58 E. Diff. of long, by chronometer 50 E. 


Ixragitude in by account... 16 0 W. Long, in by lunar brought on by ) .. -o w. 

■ ■■■ ■ — chronometer..)' ' 

To find the Bearing and Distance of Porto Santo . 

Iof ship by obs... 88°56' N.Mer. Parts ... 2107 Long, of ship by lunar \S°& W. 

Lat. of Porto Santo... 88 3 N.Mer. Parts ... 2163 Long, of Porto Santo 16 19 W. 

Diff. of latitude . 53 Mer. diff. lat. 64 Diff. of longitude. 57 

Hence the true bearing is S. W. 1 S., and the distance 72 miles. . The course by co m p s * 
is therefore S. W. by W. [ \V. 























JOURNAL. 


Ship BRITANNIA from England towards Madeira. 


Courses. 

Winds. 

Lee¬ 

way. 

Remarks, Saturday, June 27, 1835. 

S. W. by S. 

N. E. 


A pleusant breeze, and fair throughout. 

P. 31. bent the small bower cable, and un¬ 
stowed the anchor. 

S. W. by W. 

E. N. E. 


Saw the land bearing S. W. by S. 

Lying-to. 

East. 


Porto Santo W. S. W. about 5 leagues. 

At 10 P. M. brought-to. Main top-sail to 
the mast. 

w.s.w. 



At daylight made sail. 

W. by s. 
Various. 



Porto SantoN.W. by N. Deserters S.W.by S. 
East end of Madeira W. by S. 

At noon came to an anchor in Funchal Roads, 
with the best bower, in 25 fathoms; mud 
and sand ; off shore $ of a mile ; Loo 
Castle bearing N.N. W., and Fort Lorenzo 
E.N.E. 


Latitude N. I Djff. I Longitude W. 
Acc. Obs. long. | Acc. | Obs. 

I > 

Chr. 


Bearing and 
Distance at noon. 


The courses steered from noon to 9b. P. M., and the bearing of Porto Santo bom the ship 
at that time, corrected for 1£ point West variation; also the distances run, and the estimated 
distance of the ship from the land, being entered in a Traverse Table, will give the diff. of 
latitude 55'. 4, and the departure 35'. 9. 

From hence the latitude of Porto Santo, by the ship’s reckoning, is found to he 33° 1' N. f 
and the longitude, carried on by chronometer from the last lunar observation, 16° 19' W.; 
differing 9 miles in latitude, and 0 miles in longitude, from its position, as laid down in 
TibleLVI. 

The ship’s track during the preceding voyage is laid down tn the Aenmtoris Chart, 
according to the latitude and longitude each day at noon. 
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FORM OF A NAVY LOG. 


827 


H. K. F. 

13 6 
2 2 6 

3 2 6 

4 ! 2 | 

5 3 4 

6 5 

7 4 2 

8 1 

9 4 

10 
11 

12 1 4 


N. 26° W. | 

116 
2 2 2 | 

3 3 4 

4 3 6 

5 5 2 

6 5 4 

7 5 4 

8 5 4 

9 5 4 

10 6 

11 6 2 
12 6 <2 


N.W. N.N.E. 


W. N. W. North. 

N. by W. Variable. 

| Light Airs. 


1 E. N. E. 1 West. 

L atitude. _ 

Dis *' By D. R. | By Ob«- 

57' 48° 17' N. 48° 2V N. 

E. by N. West. 


E. byS. W.N.W. 



7 . . Remarks, &c. 

Signals. Monday, April 6 , 1835. 

A. M. 

First and middle parts light 
variable winds, and cloudy wea¬ 
ther ; latter part moderate and 
fair. 

A. M. stayed the masts, set 
the rigging up, and rattled it 
down fore and aft. 

At noon a strange sail in sight, 
bearing N. W. by W. 


Longitude. 


By D. R. 

By Chr. 

9° 4' W. 

9° 15' W. 

1 


Courses. Winds. 
E. by S. W. N. W. 


I Variable. 
Latitude. 


Variation 2 Points West. 

*•_ Bearing and Dist. 

Itu-i. ntxt at Noon. 


N.E. byE. 191m. 

P. M. 


At 4h. P. M. a suspicious look¬ 
ing vessel in sight, right a-head. 
Made all possible sail in chase of 
her: then mustered the ship’s 
company to their quarters, and 
prepared for action. 

At midnight spoke the chase. 
She proved to be a Spanish brig 
from Teneriffe, bound to Co¬ 
runna. 

Remarks, &c. 

Tuesday, April 7, 1835._ 


First part moderate breeze, 
and smooth water; middle and 
latter, light variable airs, with 
drizzling rain. 


Exercised great guns and small 
arms. 


Variation 2 Points West. 


Longitude. 


By D. R. By Obs. By D. R.j By Chr. ByL.ObsJ 
IKK 48°53' N. 48°55'N. 6°24'W.|6°33'W. 0°4(KW. 


Bearing and Dist. 
at Noon. 

Lizard, 

N. 43° E. 86m. 
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FORM OF AN EAST INDIA JOURNAL. 


Courses. 

K. 

F. 

Winds, Ac. 

& W. 

2 


S.S.E. 


2 

4 



3 

2 



8 

2 



3 

4 



4 




2 

4 



3 




3 




3 




& 




3 




3 

6 



3 

6 



2 




2 

6 


W.S. W. 

3 

6 

8. by E. 


4 



3 

6 



3 

6 



2 




2 




2 




2 




from England towards Ceylon. 
rinds, Ac. Friday, August 14,1835. 


Moderate breezes, and pleasant 
weather throughout. 

A. M. stayed the masts, and set 
up the main and main-top»mast 
rigging. 

Tradesmen* variously employed. 


Latitude observed 2° O' N. 


| Dist. per log. | 72m. | 11 

oureeanddbLI X /ota.68, X /see. 
S. 50° W. 70 m. ,1 Lafc \aoc. 4fl Loo. \ chr. 
Departure 54 I S. of acc. 12.| W. of acc. 


11 Inches in the Well. 


X face. 54 foba.2* ON.lj-- Irode. I 
son. |chr. 82,^ | acc. 2 ISN.i^lin. 21°4lM 
IV. of acc. 28 | Barom. 2p.ft I Therm. 78°. 


8. W. 
W.S.W. 


Winds, &c. Saturday, August 15, 1835. 

Sw S. E. i A steady breeze, and fine weather | 

throughout. 

A. M. set up the mison?rigging. 
Washed the gun-deck, andexer- 
4 deed great guns and small arms. 

Longitude per Sun and Moon at 1 
Uh. A. M., 22° S'W. of Greenwich. I 


W.S.W. 


Latitude observed 0° 5 S' N. 
A strong set to the westward. 


| Dist. per log.) 82m. | 10 Inches in the Wei 

Couneuddlst-i Z JdBSm* X « ut. < 

s. 4 7°W.7Qm. Lat. \acc. 64 Lon. \ ch.H3 yaoc. 1 6 N. 

Departure ft8 I $. ot acc. 10. | W. of acc. 2*5 1 Barom. 29 ^ 0 ,— 


10 Inches in the Well. | 


-Trade. Iff 

22° ap' / chr. 22 6 

Therm. 78° 1 



EXPLANATION AND USE 


OF 

THE TABLES. 


TABLES L and II. 

Difference of Latitude and Departure for Points and Degrees . 

THESE Tables are of very extensive use in Navigation, affording an easy 
and expeditious method of solving all problems in right-angled plane trigono¬ 
metry, and consequently applicable to the various sailings, but particularly 
useful in working a traverse, whence they obtain the name of Traverse Tables * 

Table I. contains the difference of latitude and departure (in whole numbers 
and tenths^, answering to distances not exceeding 300, and for courses to every 
quarter point of the compass. Table II. is of the same nature and extent; but 
for anuses consisting of whole degrees. The courses are set down at the top 
of the pages when they do not exceed 4 points or 45 degrees, and at the 
bottom when they are greater than these quantities: the distances are regularly 
arranged in the columns marked Dist.; the first beginning at 1, and ending at 
00; the second beginning at 61, and ending at 120, and so on to 300: corre¬ 
sponding to each of these distances, the difference of latitude and departure are 
set down in adjoining columns, marked Lat. and Dep . .* but it must be care- 
folly observed, that when the course is less than 4 points, or 45 degrees, these 
must be taken out as marked at the top, and when more, as noted at the bot¬ 
tom of the pages. 

Now, the difference of latitude and departure, answering to any given 
course and distance, being found opposite the distance in that page of the table 
which contains the course; if, therefore, any two of the four parts, viz . the 
course, distance, difference of latitude, and departure, be given, and those two 
be found together in the tables, the other two parts will be found in their, 
respective places on the same page. In like manner, the parts of any right- 
angled plane triangle may be found (provided two of them, exclusive of the 
right angle, be given), by taking out the hypothenuse as a Distance , the per¬ 
pendicular in a Lat. column, the base in the Dep. column, and the angle oppo¬ 
site to it as a course. Hence, when these tables are applied in parallel or middle 
latitude sailing, the co. lat. or co. mid. lat. is taken as a course, the departure 
or meridional distance is found in the Dep. column, and the difference or longi¬ 
tude in the Disi. column: in Mercator's sailing, the meridional difference of 
latitude is taken out in the Lat. column, and difference of longitude in the 
fVp. column. 

When any of the given parts (excepting the course, whidi is never to be 
multiplied or divided) exceea the limits of the table, any aliquot part, as a half, 
third, fourth. Sic, is to be taken; and those found corresponding are to be 
doubled, trebled, &c., that is, multiplied by the same figure that the given 
number is divided by. 

• A 
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EXPLANATION OF THE TABLES. 


TABLE III. 

Meridional Parts. 

This table is used in resolving problems by Mercator's sailing, and in con¬ 
structing charts on Mercator's projection. The meridional parts are to be taken 
out for the degrees answering to the given latitude at the top or bottom, and 
for the minutes at either side column. Thus, the meridional parts correspond¬ 
ing to the latitude 49° 57' are 3470. 

TABLE III*. 

To correct the mean Refraction. 

The refractions contained in Table IV. being adapted to a mean state of the 
atmosphere, that is, when the thermometer stands at 5(P, and the barometer at 
29. 6 inches, if it deviate from this weight and temperature, and accuracy be 
required, it will be necessary, especially in low altitudes, to correct the mean 
refraction by the seconds contained in this table, which are to be taken out with 
the apparent altitude in the side column, and the heights of the thermometer 
and barometer at the top and bottom, to be added or subtracted as expressed at 
the top or bottom of the respective columns. 

Example. Let the apparent altitude be 5°, the height of the thermometer 74 s , 
and that of the barometer 30. 0 inches: required the true refraction. 

Mean refraction by Table IV. to 5° altitude ... SK 54* 

Correction for altitude 5°, and 74° height of thermometer... — 38" > 

Ditto for altitude 5°, and 30.0 height of barometer ... -f- 9 J ** 

True refraction required . 9 30 


TABLE IV. 

Mean Refraction. 

This table contains the refraction of the heavenly bodies, in minutes and 
seconds, at a mean state of the atmosphere, and corresponding to their apparent 
altitudes. This correction is always to be subtracted from the apparent alti¬ 
tude of the object. Example. The mean refraction for the apparent altitude 
1<P50 / , is4'51" 

TABLE V. 

Depression, or Dip of the Horizon. 

This correction arises from the elevation of the observer above the surface of 
the sea, whereby the visible horizon, or that seen by the observer, is below the 
true ; and, consequently, altitudes taken with the quadrant are too great by t 
quantity to be taken out from this table, opposite the height of the observer’s 
eye in feet, and to be subtracted from altitudes taken by a fore observation, hot 
added to those taken by a back one. Example. The dip for 20 feet is 4 / 17’ 

TABLE VI. 

The Sun*s Parallax in Altitude. 

This correction is to be taken out opposite the sun’s altitude, and is ahrsp 
additive. Example. The sun’s parallax corresponding to 50° of altitude, is O'. 
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TABLE VII. 

The Moons Augmentation . 

TJie moon’s apparent horizontal semidiameter, as given in the Nautical 
Almanac, is to be increased by a number of seconds, called the augmentation, 
taken out from this table, answering nearest to his altitude, in order to give 
the true apparent semidiameter. 

TABLE VIII. 

Dip of the Sea at different Distances from the Observer . 

When that part of the horizon immediately under the sun is obstructed by 
land, and the observer is nearer the shore than five or six miles, then, if the 
object be brought down to the line separating the sea and land, the dip will 
exceed that shewn in Table V., which is calculated for an open and unobstructed 
horizon, and will increase as the distance from the land diminishes. In this 
case, the. dip is to be taken from the present table, with the height of the eye 
at the top, and the distance estimated in miles in the side column* 

TABLE IX. 

To correct the observed Altitude of the Sun*s lower limb . 

This table is intended to simplify the usual method of correcting the observed 
altitude of the sun’s lower limb, when taken by a fore observation, by shewing 
the correction at once for the joint effect of the sun’s semidiameter, dip of the 
horizon, refraction, and parallax ; and as it does not extend to altitudes less 
than 5°, the least altitude at which observations can be depended on for their 
accuracy, the corrections are always additive to the observed altitude of the sun's 
lower limb. These corrections being computed to minutes and tenths, the 
tenths may easily be reduced to seconds by multiplying them by six. In this 
table the sun’s semidiameter is assumed at 16 minutes, and its variation from 
that quantity in each month of the year, given at the bottom of the table, is to 
be added to, or subtracted from, the correction found in the table, according as 
the sign + or — is prefixed to it. * 

The simplicity of this table will appear sufficiently obvious in the following 
Examples. 

Example I. Suppose the observed altitude of the sun’s lower limb, by a fore 
observation, to be 40° 5T 30", in the month of May, and the height of the 
eye 20 feet: required the true altitude of the sun’s centre. 


Observed altitude of the sun*s lower limb. 49° 57' 30" 

Correction to altitude 50°, and dip 20 feet. \(f. 9 


Ditto for variation of sun’s semidiameter in May ... —0.2 


10.7 = + 10 42 

True altitude of the sun’s centre. 50 8 12 


* This table was computed by Mr. W. Galbraith, Teacher of Mathematics, at Edinburgh, 
who kindly presented it to the Author for insertion in the present Work. 


* A 2 







EXPLANATION OF TfTK TABLES. 


Example II. Let the observed altitude of the sun's lower limb, taken k the 
month of February, be 12° 32" 15*, and the height of the eye 14 feet: required 
the true altitude of the sun's centre 

Observed altitude of the sun's lower limb. 19° 32* 15" 

Correction to altitude 12° 3(f and dip 14 feet. 8*. 2 

Ditto for variation of sun*s semioiameter in February-}-0.2 

8.4=+ 8 24 

True altitude of the sun’s centre. 19 40 39 


TABLE X. 

Sun's Declination. 

The sun's declination is given in this table in degrees and minutes for the 
years 1834, 1835, 1836, and 1837, at noon on each day erf the year under the 
meridian of Greenwich ; but will answer for several subsequent years, by apply¬ 
ing the corrections from Table XII. The table is to be entered with the jm 
and month at the top, and the day in either side column; at the same time it B 
to be noted whether the declination be North or Sooth, as expressed in emh 
column. 


TABLE XI. 

To correct the Sun's Declination. 

As the sun 8 declination in Table X. is adapted to the meridian of Green¬ 
wich, when the ship is considerably to the eastward or westward of tint 
meridian, it should be corrected by a number of minutes taken from this Table 
(placed at the bottom of the first and second pages of Table X.) with the decli¬ 
nation at the top, and the nearest longitude in the side columns, to be added or 
subtracted, as directed at the head of the table. 

Example. Required the sun's declination at noon on September 18th, 
1835, in longitude 108° West. 


Sun’s declination, from Table X. (decreasing) . 2° 4' North. 

Correction for longitude 108°, Table XI., to be subtracted. — 7 

Sun’s true declination. I 57 North. 


TABLE XII. 

This table is intended to correct the sun's declination given in Table X. for 
the change that takes place in periods of four years. The table is to be entered 
with the period of years in either of the side columns, and the month and 
'nearest day at the top; the minutes of correction there found, are to be added 
to, or subtracted from, the declination taken from Table X., answering to the 
number of years, reckoning in periods of four years, prior to that of the given 
year, as denoted at the head of the column; that is, the correction is to be 
added when the declination is increasing, or subtracted when decreasing. 

Example. Required the sun’s declination at noon, on February 1 9th, 1849, 
at the meridian of Greenwich. 

The year 1849 being a period of 12 years after 1837, find the declination in 
Table X. for the given day in the year 1837, which is 11° 14' S.; then enter 
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Ta ble XII under the month of February; opposite the period of 12 years, snd 
under the 19th day of the month, will be founa the correction 2>, which is to be 
subtracted from the above declination 11° 14' 8., and the remainder 11° \2tf S. 
will be the repaired declination. 

TABLE XIII. 

The right Ascensions and Declinations of the principal Fixed Stars*. 

This table contains the mean right ascensions and declinations of 61 of the 
principal Stars, computed for the beginning of the year 1834, with their annual 
variations in seconds and decimal parts of a second. If their places are required 
for any time subsequent to the year 1834, the annual variation both in right 
ascension and declination must be multiplied by the number of years and parts 
of a year elapsed since that time, and the product will be the variation from the 
beginning of 1834 to the given time. This variation must always be added to 
the right ascension for 1834; but the variation in declination is additive or 
subtractive according as the sign + or — is prefixed to the annual variation ; 
then the sum or remainder will be the right ascension and declination for sub¬ 
sequent jean. But if the place of a star be required for any time preceding 
1834, the variation in right ascension must be subtracted from that in the 
table, and the variation in declination applied contrary to the sign set 
against it. 

Example. Required the right ascension and declination of the Star Arcturus 
in June 1843. 

From the beginning of 1834 to June 1842 there are about 8£ years. 


Right ascension of Arcturus (in time) for January, 1834. I4h. 8m. 6s. 

Annual variation -f 2s. 73, multiplied by 8^, gives 23s. 20, or ... -f- 23 

Right aaoension of Arcturus for June 1842. 14 3 29 

Declination of Arcturus for January, 1834 . 20° 3 * 9* N. 

Annual variation — 18". 96, multiplied by 8|, gives 161". 16, or — 2 41 

Declination of Arcturus for Jane 1842.... 20 0 21 N. 


TABLE XIV. 

The Sun's mean right Ascension. 

The sun’s mean right ascension, contained in this table, is to be taken out 
with the month at the top, and the day in either side columns. It is sufficiently 
exact for ascertaining the time of an object’s passing the meridian, in order to 
obtain the latitude t>y its meridian altitude; but when greater accuracy is 
necessary, recourse must be had to the Nautical Almanac. 


• The Sun in the'several Constellations being usually designated by Cheek characters, 
vks here give the alphabet, with the names of the letters. 


a Alpha. 

0 Beta. 

V Gamma, 
t Delta. 


« Epsilon, 
f Zeta. 
i) Eta. 

0 Theta. 


i Iota, 
a Kappa. 

A Lambda. 
H Mu. 


v Nu. 

1 Xi. 

o Omicron. 
ir Pi. 


P Rha 
tr Sigma, 
r Tau. 
v Upsilon. 


p Phi. 

X Chi. 

* PsL 
» Omega. 
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EXPLANATION OF THE TABLES. 


TABLE XV. 

For correcting the observed Altitude of a fixed Star, to find the true Altitude. 

This table contains the correction in minutes and tenths to be subtracted 
from the observed altitude of a star, in order to obtain its true altitude; being 
the joint effect of refraction and dip of the horizon. 

Example. Required the true altitude of a star, whose observed altitude is 
20° 3(y; the height of the observer's eye being 24 feet. 


Star's observed altitude ..... 20° 30* 0" 

Correction opposite to altitude 20°, and under 24 feet, 7'. 3= — 7 18 

Star’s true altitude .... 20 22 42 


TABLE XVI. 

For reducing the Time of the Moon's Passage over the Meridian of Greenwich , 
to the Time of its Passage over any other Meridian. 

The daily variation of the moon's passing the meridian is the excess of time 
above 24 hours that elapses till her return to the same; and this is found by 
taking the difference between her passing the meridian of Greenwich on a given 
day (from Page IV. of the month m the Nautical Almanac) and the preceding, 
if the longitude of the place be east, or that and the following, if the longi¬ 
tude be west. 

Now as the moon is constantly advancing to the eastward in the heavens, she 
will therefore pass any meridian to the eastward of Greenwich sooner in the day, 
or a meridian to the westward later, than she does that of Greenwich, by a cer¬ 
tain number of minutes, which is to the daily variation as the given longitude 
of the place is to 360 °; and on this principle the table is constructed. 

The table is to be entered with the daily variation to the nearest minute at 
the top, and the longitude of the place in the left side column; then the 
minutes corresponding to these being added to the time of the moon's passing 
the meridian of Greenwich, if the longitude be west, or subtracted if east, the 
sum or remainder will be the time of her passing the meridian of the place in 
mean time. 

Example. At what time will the moon pass the meridian of Calcutta, in 
longitude 88° 28 / E., on July 8th, 1835 ? 

Mean time of the moon's passage over the meridian of Greenwich) lft , 

July 8th, by the Nautical Almanac .j * ^ 

Correction corresponding to daily variation 62m., and long. 88° 28' E. — 15 

Time of moon’s passing the meridian of Calcutta, July 8th. 10 31 

TABLE XVI* 

For finding the Time of High Water. 

This table is to be entered with the moon's semidiameter, (taken from Page III. 
of the month in the Nautical Almanac) or the nearest to it, at the top, and the 
time of the moon's passage over the meridian, in one of the columns so titled: the 
correction thus found, which is the effect of the sun's action, in accelerating or 
retarding the time of high water produced by the attraction of the moon, is to 
be applied to the time of the moon's passage over the meridian, according as the 
sign + or — is prefixed to it. 
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TABLE XVII. 

For finding the Latitude by an Altitude of the Polar Star. 

This table is to be entered with the right ascension of the meridian at the 
time of observation ; the correction corresponding to which being added to, or 
subtracted from, the true altitude of the Polar Star, as denoted by the sign + 
or —, the sum or remainder will give the latitude of the place of observation, 
which is always North. 

The table is calculated particularly for the years 1835 and 1845, but will 
serve with tolerable accuracy for several subsequent years; the corrections may, 
however, be found for any other year, as follows: first reducing the right 
ascension and declination of the star, taken from Table XIII., to the given year. 

Find the difference between the right ascension of the meridian ana the star's 
right ascension: if the difference be more than 6 hours, and less than 12 hours, 
subtract it from 12 hours; if it be more than 12 hours, and less than 18 hours, 
subtract 12 hours from it; if more than 18 hours, subtract it from 24 hours; 
and the remainder, in each case, will be the star's distance from the meridian 
in time, which reduce to degrees by Table XIX. Find the number of degrees 
at the top or bottom of Table II., as if it were a course, and the complement of 
the declination, in minutes, as a distance : corresponding to these, in the differ¬ 
ence of latitude column, will be the correction required in minutes; this cor¬ 
rection added to the star's true altitude, if the difference between the star's 
right ascension and the right ascension of the meridian be more than 6 hours, 
and less than 18 hours, or otherwise subtracted, the result will be the latitude 
of the place of observation. 

Example. May 21, 1850, if the true altitude of the Polar Star be 50° 13' at 
lOh. 15m. apparent time past noon, what will be the latitude of the place of 
observation? 

The right ascension of the Polar Star, in May, 1850, will be lh. 4m. 60s., 
and the declination 88° 30' 45" N.; consequently the complement of the decli¬ 


nation 1° 29 / 15", or 89 minutes. 

The sun’s right ascension, May 21, (Table XIV.. 3h. 51m. 

The time of observation.. . 10 15 

Right ascension of the meridian...*.. 14 6 

Right ascension of the Polar Star... 1 5 

Difference.;. 13 1 

Subtract..... 12 0 

Polar Star’s distance from the meridian ..... 1 1=151°. 


which taken as a course in Table II., and the co. declination SO 7 as a distance, 
give in the lat. column 86 minutes, or 1° 26 / , the correction, to be added to 
50* 13', the star's true altitude, because the above difference is between 6 and 
18 hours: hence the latitude will be 51° 39' N. 

TABLE XVII* 

Table XVII. being constructed on the principles of Plane Trigonometry, the 
latitude found by it requires a correction, especially in high latitudes, to be 
taken from this table, with the approximate latitude at the top, and the right 
ascension of the meridian in either side column. The corresponding minutes 


t The sun’s right ascension will be more correctly taken from the Nautical Almanac. 
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and tenths are always to be added to the approximate latitude deduced from 
the preceding table. 

TABLE XVIII. 

Corrections of the apparent Altitudes qf the Sum and Stars . 

This table contains the correction to be applied to the apparent altitude ef 
the sun or a star, in order to obtain the true altitude, and is also used in 
clearing distances from the effect of refraction and parallax ; the sun’s correc¬ 
tion being the refraction in altitude diminished by parallax, and the star's cor¬ 
rection its refraction only: these are to be taken out with the apparent altitude 
of the object.— Example . The sun's correction, corresponding to the ap parent 
altitude 10° 28', is 4' 53", and the star's correction for the same altitude is 51". 

TABLE XIX. 

For reducing Longitude into Time , and the contrary . 

This table is intended to facilitate the reduction of degrees, &c. of longitude 
into time, or of hours, &c. into longitude. The method of using it will best 
appear by inspecting the following examples. 

Example I. Required the time answering to 42° 13' 42" of longitude. 

Time answering to.. 42° O' 0" is 2h. 48m. Os. 0th. 

Ditto to... 13 0 ... 52 0 

Ditto to. 42 ... 2 48 

Hence the time answering to. 42 13 42 ... 2 48 54 48 

Example II. Required the degrees, &c. corresponding to 7h. 6m. 48& 

Longitude corresponding to . 7h. 4m. Os. is 106° if 

Ditto to . 2 48 ... 42 

Hence the longitude corresponding to. 7 6 48 ... 108 42 

Longitude in degrees, dec. may be converted into time, and the contrary, 
independent of this table, by the following Rules:— 

1st. To convert degrees, &c. of longitude into time, multiply the longitude 
by 4, divide the degrees of the product by 60, and the quotient will be the 
hours, the remainder minutes, ana the other parts of the product seconds, &c. 
of the corresponding time. 

Example. Required the time corresponding to 42° 13' 42 ' of longitude. 

42° Id' 42" 

4 


60)168 54 48 

2h. 48m. 54s. 48th. 

2d. To convert time into degrees, &c. Reduce the hours and minutes info 
minutes, and divide by 4; then the quotient will be the degrees, minutes, &e. 
of the corresponding time. 

Example. Required the degrees, &c. corresponding to 7h. 6m. 48s. of tone. 

7h. 6m. 48s. 

60 


4 ) 426m. 48s. 


106° 42* 
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TABLE XX. 

For finding the Distance of terrestrial Objects at Sea . 

When the eye is elevated above the surface of the adjacent land or water, we 
not only see the surrounding objects more distinctly, bat also see those which 
are mors remote the higher we advance. Now, although the irregularity of the 
surface of the land will not admit of any one rule that will give the distance to 
which objects may be seen at different elevations, yet at sea, where the curva- 
ture of the water is uniform, those distances may be easily computed by means 
of this table, in which the distances are exhibited in nautical miles and decimal 
parts, answering to the height of the eye, or that of the given remote object, 
allowance having been made for terrestrial refraction. 

Examplk. Being at the mast head looking out for land, and elevated 130 
feet above the surface of the sea, I discovered the top of a light-house in the 
horizon, whose height above the level of the sea is known to be 300 feet: 
required my distance from the light-house. 


In the table opposite 130 feet it. 13.1 miles. 

Ditto 300 feet is. 19.9 

Sum gives the distance of the ship from the light-house. 33.0 


TABLE XXI. 

For reducing the Sun's Declination to Noon at any given Meridian , and to any 
Time at the Meridian of Greenwich . 

This table contains the corrections to be applied to the sun’s declination as 
given in the Nautical Almanac, which is computed for apparent or mean noon 
at Greenwich, when it is required for noon at any other meridian, or to any 
given time at the meridian of Greenwich : it is to be entered with the declina¬ 
tion for noon of the given day, os found in Page I. or II. of the Nautical 
Almanac, at the top, and the longitude of the place, or time at Greenwich, in the 
side columns; corresponding to these will be found the minutes and seconds to 
be applied to the above declination, by addition or subtraction, as directed at 
the need of the table; that is, when the declination is increasing , the correction 
is to be added in west longitude, but to be subtracted in east longitude, or 
to be added for Greenwich time; but when the declination is decreasing, the 
correction is to be subtracted in west longitude, but to be added in east longitude, 
or to be subtracted for Greenwich time. 

When the declination and longitude, or time at Greenwich, are not nearly 
found in the table, proportional parts may be used. 

When the given time at the meridian of Greenwich exceeds 12 hours, the 
correction must be taken out at twice, as In Example III. 

It must be observed, that this, table is subject to an error of a few seconds, 
from the sun's unequal motion in the ecliptic; but it is nevertheless in general 
sufficiently exact for observations taken at sea.? 

Example I. Required the sun’s declination at apparent noon on Sept. 19th, 
1835, in longitude 105° 15' West. 

&OA ? a da* at apparent noon, by Page L N. A (decreasing)..• 1° .4? 15" N. 

Correction for longitude 105° 15' W. . — 6 51 

Sim’s declination when passing the meridian of the given place 1 33 94 N. 

* When the sun’s declination or right ascension is required to the nearest second, the 
proportional part of the daily variation may he readily found by logarithms. See Explana¬ 
tion and Use of Table XXXIII. 

* B 
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Example II. Required the sun’s declination on June 2d, 1835, at 4h. 34m. 
apparent time at Greenwich. 

Sun’s dec. June 2, at app. noon, by Page I. N. A. (increasing) 22° W 18" N. 
Correction for 4h. 20m. apparent time. 1 84 


Sun’s declination at Greenwich time, 


22 9 52 N. 


Example III. Required the sun’s declination, Oct. 17th, 1835, at 15h. 36m. 
mean time at Greenwich. 


Suu’s declination Oct. 17, at mean noon, by Page II. of the 

Nautical Almanac (increasing) . 

Correction for 12 hours. KK 58" ( 

Ditto for 3h. 36m. -f 3 17 J. 


9° 5' 56" S. 

+ 14 15 


Sun’s declination at Greenwich time. 


9 20 11 S. 


It will sometimes happen, when the sun is near the Equinoxes, that the cor¬ 
rection for longitude, or Greenwich time, will exceed the declination; in this 
case, if the correction be subtractive, the declination is be taken from it, and the 
remainder will be the reduced declination, of a contrary name to that taken 
from the almanac. 

Example IV. What will be the sun’s declination on September 23d, 1835, 
at 13h. 48m. mean time at Greenwich. 


Sun’s declination, September 23d, at mean noon, by Page IL 

of the Nautical Almanac (decreasing) . 

Correction for 12 hours. — 11' 46" ^ 

Ditto for lh. 48m.. — 1 46 j . 


0° O' 40"N. 
- 13 32 


Sun’s declination at Greenwich time 


0 6 52 8. 


TABLE XXII. 

For reducing the Sun'* right Ascension to any Time at the Meridian 

of Greenwich . 

By this table the sun’s right ascension, taken out for noon of the given day, 
from Page I. or II. of the Nautical Almanac, according as the given time ts 
apparent or mean, may be reduced to any given time at the meridian of Green¬ 
wich. It is to be entered with the right ascension at the top, and the Greenwich 
time in one of the side columns; the correction corresponding to the time being 
always added to the right ascension at the preceding noon : the sum will be the 
sun’s right ascension at Greenwich time. 

Example I. Required the sun’s right ascension. May 9th, 1835, at 5h. 36m. 
apparent time at Greenwich. 

Sun’s right ascen. May 2, at app. noon, by Page L of the N. A. 3h. 2m. 33s. 


Correction for 5h. 36m. + 54 

Sun’s right ascension at Greenwich time . 3 3 27 


Example II. What will be the sun’s right ascension on October 10th, 1835, 
at l Oh. 50m. mean time at Greenwich ? 

Sun’s right ascen. Oct. 10, at mean noon,by Page Il.of the N. A. 13h. Oxn. 40s. 


Correction for lOh. 50m... + l 39 

Suu’s right ascension at Greenwich time ... 13 9 19 
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Example III. Required the sun's right ascension on July 13th, 1835, at 
14h. 10m. mean time at Greenwich. 

Sun’s right ascension, July 13th, at mean noon, by Page II. \ KOm 

of the Nautical Almanac. f 7hm 

Correction for IS hours. -f- 2m. Is. I , Q «© 

Ditto 2h. 10m.. + 0 22 f . + * 30 


Sun’s right ascension at Greenwich time... 7 30 15 


TABLE XXIII. 

Ijogarithmic Sines, Tangents , and Secants, SfC. to every Point and Quarter-Point 

of the Compass . 

This table is useful when the logarithmic sine, tangent, or secant of a ship's 
course is required to points, or quarter-points, of the compass : it is to be entered 
with the points in the left side column, when they do not exceed 4, and the 
names at the top; but when they are above that quantity, the points are to 
be taken from the right side column, and the names from the bottom. 

EXAMPLES. 


The log. sine of 3 points is. 9.744739 

The log. tangent of 6 points is ... 10.382776 


TABLE XXIV. 

Logarithms of Numbers . 

This table contains the decimal parts of the logarithms of numbers to six 
places of figures; but as in most of the calculations which occur in navigation, 
nve places are sufficient, it must be observed, that when the sixth figure is 
omitted, if it be 5 or above, the preceding or fifth is to be increased by 1; 
thus the logarithm . 966986, when taken out to five places only, will be .96699. 

A logarithm consists of two parts, which are separated by a point; that on 
the left hand of the point is called the index ; the figures on the right hand are 
the decimal part; and as it is the latter only that is inserted in the table, the 
index must be supplied according to the following rules:— 

The index of a logarithm is always one less than the number of figures in the 
whole number: hence the index of 125 is 2, being one less than the number of 
figures contained in 125; also 2 is the index of 162.5; for although here are 
four figures, yet only three of them belong to the whole number, the . 5 being 
a decimal figure. If the natural number consist of decimal figures only , the 
index is 9 lessened by the number of ciphers before the first decimal figure: 
thus the index of . 0051 is 7, being 9 lessened by 2, the number of cipher* 
before the first decimal figure; the index of . 00025 is 6, because there are 
three ciphers before the first decimal figure. 

To find the Logarithm of a natural Number. 

If the number consist of one or two figures only . Enter the first page of the 
table, and in one of the columns marked No. look for the given number; 
opposite to this, in the column marked Log., will be found the logarithm required, 
to which prefix the index according to the above directions: thus the logarithm 
of 56 is found to be 1.748188, the logarithm of 94 is 1.973128, and of .0025 
is 7 397940. 
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If the number consist of three figures. Find the given number in the left- 
hand column of the table, and opposite, in the oolumn marked 0 at the top or 
bottom, will be the logarithm required, to which prefix the index as before: 
thus the log. of 295 is 2.469822, of 1.76 is 0.245513, and of .0542 is 8-733999. 

When the number consists offour figures. Look for the first three figures in 
the left side column (without attending to the decimal point, if there beany), 
and opposite to these, in the column marked with the fourth figure at the top or 
bottom, is the logarithm required : thus the logarithm of 1246 is 3.095518, of 
17.95 is 1.254064, and of .2678 is 9.427811. 

If the number consist of five or more figures. Find the logarithm of the first 
four figures, as before directed; then multiply the number found opposite in 
the right-hand column under dijf. (which is the difference between two adjacent 
logarithms) by the remaining figures; point off from the product as many 
figures from the right as the multiplier consists of, and those remaining being 
added to the logarithm of the first four figures, the sum will be the logarithm 
required, to which prefix the index. If the figures pointed off to the right hand 
exceed a half, the unit figure of the remainder is to be increased by one.— 
Example. Required the logarithm of 25047- First look in the left side column 
for 250; opposite to this, in the column with 4 at the top, is the logarithm 
398634, ana in the right side column the diff. 173 ; this multiplied by 7, the 
fifth figure, gives 1211 ; from which cut off the last figure, ana the remainder 
121 added to 398634 will give, with the index prefixed, 4.398765, the logarithm 
required. In this manner the logarithm of 598765 will be found 5.777256* 

To find the natural Number corresponding to a given Logarithm. 

If the number be required only to four figures. Look in the table for the 
logarithm nearest to that given, opposite to which will be found the first three 
figures in the left side column, and the fourth figure at the top or bottom; the 
decimal point is then to be placed so that the whole number may contain o*t 
figure more than that expressed by the index. Suppose, for example, the natural 
number corresponding to the logarithm 2. 326929 be required: the nearest 
logarithm to this is 326950, opposite to which is 212 in the left column, and 
3 at the top, which, placed after the first three figures, and the decimal point 
fixed according to the index, will give 212.3, the natural number required 

If the number be required to five or more figures. Find the logarithm next 
less to the given one, which will give the first four figures; then take the 
difference between that and the given logarithm, to which annex as many 
ciphers as there are figures wanted above four; divide this by the difference 
found opposite the nearest less logarithm, and the quotient will be the remain¬ 
ing figures required. 

For example—To find the natural number corresponding to the logarithm 
4.478309 to five figures : the nearest less logarithm is 478278, answering to the 
number 3008, and the difference between tnat and the given logarithm is 31; 
to this annex a cipher, and divide by the difference 145, the quotient will 
be 2; therefore the number required is 30082. In the same way the natural 
number corresponding to the logarithm 5.497646 to six figures is 314518. 

When the given logarithm consists of only five places of figures, add a cipher 
to the fifth figure, ana proceed as before. 

If the number required is to consist altogether of decimal figures, the same 
method must be used to obtain it as shewn above ; only observe that 9 cipher* 
lessened by the value of the index are to be prefixed to the number found. 
Thus the number answering to the logarithm 7-819083 is .006593. 
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To find the Arithmetical Complement of a Logarithm . 


The arithmetical complement of a logarithm is the number it wants of 
10.000000 or 20.000000 ; and the easiest way to find it is, beginning at the 
left hand, to subtract every figure from 9, except the last significant figure, 
which is to be taken from 10; but if the index exceed 9, it is to be taken from 
19. Thus the arithmetical complement of 4.478309 is 5.521691, and of 
10. 935547 is 9.064453 : it is frequently used in the Rule of Proportion, and 
trigonometrical calculations, to change subtractions into additions. 

Here follow a few examples to further illustrate the preceding rules. 


Nit. Nun. Logarithms. 

Given 56 to find L748188 
1.79 ... 0.252853 

98.76 ... 1.994581 

596.84 ... 2.775858 

.36875 ... 9.566732 

156795 ... 5.195333 


Logarithms. Nat. Nam. 

Given 1.369772 to find 23.43 
2.456366 ... 286.0 

3.567439 ... 3693.5 

9.876542 ... .75256 

5.123562 ... 132911 

4.397625 ... 24981.9 


TABLE XXV. 

Logarithmic Sines, Tangents, and Secants. 

This table contains the logarithmic, or, as they are sometimes called, the 
artificial sines, tangents, and secants, to each degree and minute of the quadrant, 
with their complements or co-sines, co-tangents, and co-secants, to six places 
of figures, besides the index; but it may be observed, as of the last table, that 
five places being generally sufficient in the common practice of navigation, when 
the sixth is omitted, and it is 5 or above, the preceding or fifth figure is to be 
increased by a unit* 

To find the Logarithmic Sine, Co-sine, fyc. of any given Arc in Degrees 

and Minutes . 

If the given degrees be under 45, they are to be taken from the top, and the 
minutes from the left side column; opposite to which, in that column with the 
name of the logarithm at top, will be found the required logarithm. But if the 
degrees be more than 45, they will be found at the bottom of the page, and the 
minutes in the right side column; likewise the name of the logarithm is to be 
taken from the bottom of the page. 

When the given degrees exceed 90, they are to be subtracted from 180 
degrees, and the logarithm of the remainder taken out, as before. Or the 
logarithmic sine, tangent, &c. of an arc more than 90 is the logarithmic co-sine, 
co-tangent, &c. of its excess above 90 degress. 


EXAMPLES. 



o 

/ 

Log. tod places. 

Log. to 5 places. 

Required the log. sine of. 

... 36 

32 ... 

9.774729 

... 9.77473 

co-sine of.. 

... 61 

18 ... 

9.681443 

... 9.68144 

tangent of .. 

... 54 

17 ... 

10.143263 

... 10.14326 

co-tangent of. 

... 42 

50 ... 

10.032877 

... 10.03388 

secant of. 

... 19 

27 ... 

10.025519 

... 10.02552 

co-secant of.. 

... 70 

33 ... 

10.095619 

... 10.02552 

Sine of. 

... 108 

36) 



or sine of. 

... 71 

24 l... 

9.976702 

... 9.97670 

or co-sine of. 

* 

... 18 

36) 




To find the Arc in Degrees and Minutes nearest corresponding to a given 
Logarithmic Sine, Co-sine, §c. 

Look in the column marked at the top or bottom with the name of the given 
logarithm, and, when the nearest to it is found, the corresponding degrees and 















XIV. 


EXPLANATION OF THE TABLE8. 


minutes will be those required; observing that, when the name is at the top of 
the column, the degrees are to be taken from the top, and the minutes from the 
left side column; but if the name be at the bottom, the corresponding degrees 
will be there likewise, and the minutes in the right side column. 

Examples. Required the arcs in degrees and minutes corresponding to the 

Log. sine. 9.265390 ... 10° 3? 

Co-sine . 9.528461 ... 70 16 

Tangent. 9.70156 ... 26 42 

Secant. 10.25413 ... 56 9 

The arcs to logarithmic sines, &c. taken out to degrees and minutes only, are 
in general sufficiently accurate; but in some of the more rigid astronomical 
calculations, such as clearing the distance in lunar observations, rating chrono¬ 
meters, &c. it is frequently necessary to take them out to the nearest second: 
when this is the case, they are to be found in the following manner. 

Tofind the Logarithmic Sine , Tangent , Secant , §c. answering to an Arc 
of any given Number of Degrees , Minutes, and Seconds. 

Find the leg. sine, &c. answering to the given degrees and minutes, as above, 
and take out from the proper column the difference of the adjacent logarithms 
to 100 seconds (markea at the top Diff. or D.) ; multiply this difference by the 
given seconds, and point off the two right-hand figures in the product; then 
those remaining being added to the log. sine, tangent, or secant of the given 
degrees and minutes, or subtracted from the log. co-sine, co-tangent, or co-secant, 
will give the logarithm required. 

The differences to the sines and co-sines are set down on the right of their 
respective columns: the differences to the tangents and co-tangents, being the 
same, are placed between them ; and the differences to the secants and co-secants, 
being the same as those to the co-sines and sines, are to be taken from the 
columns corresponding to the latter. 

Example L Required the log. sine of 32° 21 ' 45 ". 

The logarithmic sine of 32° 21' is.... 

The difference corresponding to the log. sine of the given degrees j 
and minutes is 332; this multiplied by 45 (the number of 
seconds) pointing off two figures, is..... J 

Sum is the log. sine required . 

Example II. Required the log. co-sine of 71° 40'25". 

The logarithmic co-sine of 71° 40' is . 

The difference corresponding to the log. co-sine of the given] 
degrees and minutes is 636 ; this, multiplied by 25, gives .] 

Remainder is the log. co-sine required. 

Example III. Required the log. tangent of 56 P 42' 20". 


The logarithmic tangent of 56° 42' is. 10.182516 

The corresponding difference 459, multiplied by 20, gives . -f- 92 


9.728427 
+ 149 

9.728576 


9.497682 
- 159 

9.497523 


Sum gives the log. tangent required ... 10. 182*503 

Example IV. Required the log. co-secant of 65° 18' 23". 

The logarithmic co-secant of 65° 18' is .. 10.041671 

The difference corresponding to the sine of the given degrees and 1 __ ^ 

minutes is 97, which, multiplied by 23, gives .J ____ 

Remainder is the log. co-sccant required......... 10.041649 



















EXPLANATION OF THE TABLES. 


XV. 


The logarithmic sines and tangents varying by great differences near the 
beginning and end of the quadrant, it has been thought proper, for the sake of 
accuracy, to give them for the first and second degrees to every 10 seconds, with 
their differences between the columns of sines and tangents: when, therefore^ 
the log. sine or tangent of an arc less than 2 degrees be required to the nearest 
second, it is to be taken out to the next less tenth second, and the opposite 
difference multiplied by the unit seconds; then the product, cutting off one 
figure to the right, is to be added as before. As the sine and tangent of an arc 
is the co-sine and co-tangent of the complement of that arc, the latter may be 
found when above 88 degrees in a similar way, taking the degrees from the 
bottom, and the minutes and nearest less tenth second from the right side column. 


and observing to subtract the proportional part. 

Example V. Required the log sine of 1° 14' 43". 

The logarithmic tine of 1° 14' 40* is. 8.336819 

The corresponding diff. 968, multiplied by 3, gives. + 290 

Sum is the log. sine required .... 8.337109 

Example VI. Required the log. co-sine of 89° 21'25". 

The logarithmic co-sine of 89° 21' 20* is .. 8.051054 

The corresponding diff. 1876, multiplied by 5, gives. — 938 

Remainder is the log. co-sine required... 8.050116 


To find the Degrees , Minutes , and Seconds of an Arc , answering to a given 
Logarithmic Sine , Co-sine , fyc. 

Find the logarithm next less to the given one, if it be a sine, tangent, or 
secant, or next greater, if a co-sine, co-tangent, or co-secant, and note the corre¬ 
sponding degrees and minutes; then take the difference between the logarithm 
thus found and the given one, to which add two ciphers, and divide that number 
by the difference of 100": the quotient will be the seconds to be annexed to the 
degrees and minutes before found. 

Example I Required the degrees, minutes, and seconds corresponding to 
the log. sine V 695476. 

The log. sine next less to that given is 9. 695450, answering to 29° 44'; the 
difference between this logarithm and the given one is 26, which, with two 
ciphers added, makes 2600, and this divided by 368, the difference to 100", 
gives the quotient 7" to be annexed to 29° 44': hence 29° 44 / 7" are the required 
degrees, minutes, and seconds. 

Example II. Required the degrees, minutes, and seconds answering to the 
log. co-sine 9.566797* 

The log. co-sine next greater to that given is 9. 566951, to which answers 
68° 21'; the difference between this logarithm and the given one is 154, which, 
with two ciphers added, makes 15400; this divided by 531, the difference to 
100", gives the quotient 29" to be annexed to 68° 21': hence 68° 21'29" are 
the required degrees, minutes, and seconds. 

But if the logarithm next less or greater than the given one should be found 
in the first six pages of the table, it will point out the degrees, minutes, and 
nearest less tenth second; then, to find the unit seconds, annex but one cipher 
to the difference found as before, and divide by the difference in the column 
marked Diff. 
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Example. Required the degrees, minutes, and seconds answering to the log. 
sine 8.421604. 

Here the next less logarithm is 8. 421123, answering to 1° 30' 40'’: now the 
difference between this log. and the given one, with one cipher annexed, is 
4810, which, divided by the difference 708, gives 6"; hence 1° 30" 46" are the 
degrees, &c. required. 


TABLE XXVI. 

Natural Sines. 

In this table the natural sines are exhibited to every degree and minute of 
the quadrant, and arranged so that the degrees corresponding to the sines are 
to be taken from the top of the page, with their minutes m the left side oolumns; 
and the degrees answering to the co-sines, from the bottom, with their minutes 
in the right side columns: moreover, as they are given to six places of figure*, 
the same rule with respect to the fifth figure must be observed when five only 
are required, as mentioned in the explanation of the two preceding tables. 

The natural sine or co-sine of any number of degrees, See. more than 90, is 
the same as the natural sine or co-sine of its supplement, found by subtracting 
them from 180°; or the natural sine or co-sine of an arc greater than 90°, is 
the natural co-sine or sine of its excess above 90°. 

To find the Natural Sine or Co-sine of a given Arc to any Number of Degrees, 
Minutes , and Seconds; 

Or, to find the Degrees, Minutes, and Seconds of an Arc, corresponding to a 
given Natural Sine or Co-sine. 

These are to be found as directed for the logarithmic sines, &c., except that 
the differences to 100" are to be taken from the bottom of that column contain¬ 
ing the given degrees in the former case, or the nearest natural sine or co-sine 
in the latter. 

Example I. Required the natural sine of 32° 21' 45", or its supplement 


147° 38'15". 

The natural sine of 32° 21' is . 535090 

The difference at the bottom of the column containing the natural 1 
sine of the given degrees and minutes is 409 ; this multiplied l>y > -J- 184 
45, pointing off two figures in the product, gives.) 

Sum it the natural sine required...... 535274 

Example II. Required the natural co-sine of 71° 40' 25", or 108° JO'35'. 

The natural co-sine of 71° 40' is.. 314545 

The difference 460, multiplied by 25, pointing off two figures, gives — 115 

Remainder is the natural co-sine required... 314430 


Example III. Required the degrees, minutes, and seconds answering to the 
natural sine 495994. 

The natural sine next less to that given is 495964, answering to 29° 44*; the 
difference between this natural sine and the given one is 30, to which two 
ciphers being added, and that divided by 422, the difference at the bottom •» 
the column, gives the quotient *1” to be annexed to 29° 44': hence 29° 44^ T * 
or its supplement 150° 15' 53'', are the degrees, &c. required. 
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Example IV. Required the degree*, minutes, and seconds answering to the 
natural co-sine 368805. 

The natural co-sine next greater to that given is 368936, to which answer 
Q8P21'; the difference between this natural sine and the given one is 131, to 
which two ciphers being added, and that divided by 451, the difference found 
at the bottom of the column, gives the quotient 29". Hence 68° 21' 29", or its 
supplement 111° 38' 31", are the degrees, &c. required. 


TABLES XXVII. XXVIII. XXIX. 

Logarithmic Solar Tables . 

These tables are calculated expressly for the purpose of finding the latitude 
by two altitudes of the sun ana the elapsed time; but the last is applied to 
several other problems in nautical astronomy. 

These tables are to be entered with the hour at the top of the page, the 
minutes in the left-hand column, and nearest less fifth second at the top of the 
respective columns. The proportional parts for the remaining seconds are to be 
taken from the right-hand marginal columns, from those opposite to the 
logarithms taken from the body of the table: hence the time answering to the 
given logarithm, and the contrary, may be readily found to the nearest second, 
as will appear obvious by the following examples. 

Example I. Required the logarithm answering to the half-elapsed time 
lb.29m.20s. 

In Table XXVII., and in the page with I hour at the top, opposite 29 
minutes, and in the column marked with 20 s * at the top, will be found 0.42022, 
the logarithm required. 

Example II. Required the log. half-elapsed time answering to lh. 17m. 28s. 

The log. half-elapsed tame (Table XXVII.) answering to lh. 17m. 25*. is 0.47964 

Proportional part for the remaining 8s^ subtractive, because the logo- \ M 27 

The log. half-elapsed time corresponding to lh. 17m. 28s. 0.47227 

Example III. Required the time answering to the log. middle time 4.92784. 

Lag. middle time next less (Table XXVIII.) corresponding to) . mtaj: 
lh. 40m. 10s. is.......J * 

Giyen log. middle time...... 4.92764 

OdbaBOBS »••••••••»* *•»...................................... .......19 

In the column of proportional parts opposite the nearest less log., the number 
20 being the nearest to 19, the above aifference, gives 3s.: hence the middle 
time required is lh. 40m. 13s. 

Example IV. Required the log. rising of 2h. 55m. 436. 

The log. rising of 2h. 55m. 40s. (Table XXIX.) is... 4.44262 

The proportional part for 3 seconds, found in the right-band column 1 i 28 
nearly opposite the above log. is.. f 

Hence the log. rising of 2h. 55m. 43s... 4.44685 
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Example V. Required the time corresponding to the log. rising 4.73494. 


The given log. rising is ..... 4.73494 

The log. rising next less, corresponding to 4h. 11m. 15s., is .. 4.73488 

Difference... 6 


In the right-hand column, opposite the above log., the nearest proportional 
part is 5, which gives 1 second: this added to 4h. 11m. 15s., the time answering 
to the next less log., gives 4h. 11m. 16s., the time required. 

It is necessary to notice, that the indices in these tables sometimes change in 
the columns where they could not be inserted, for want of room; this may, how¬ 
ever, easily be known by observing that the first figure of the decimal part of the 
logarithms change from 9 to 0; for instance, the log. rising of Oh. 3$m. 25s. is 
2.99942, but that of Oh. 32m. 30s. is 3.00164. This change of the indices is 
also pointed out by both indices being shewn as a fraction in the left side 
column of the logarithms, as, in this instance, by |. 

Example VI. Required the log. rising of lh. 43m. 24s 


The log. rising of lh. 43m. 20s. is. . . 3.99972 

The proportional part for 4 seconds, found in the right-hand column ) , 

nearly opposite the above log., is.J * 00 


Hence the log. rising of lh. 43m. 24s. is 


4.00028 


In these tables, the logarithms for the first ten minutes of time varying by 
great differences, the proportional parts for the intermediate seconds could not be 
inserted: they must, therefore, if required, be found by the Rule of Proportion. 


TABLE XXX. 

Correction of the Moons apparent Altitude . 

This table, which is placed on left-hand pages, contains the correction to 
be added to the moon's apparent altitude in order to obtain the true, being the 
parallax in altitude lessened by refraction, the former of which makes the moon 
appear lower, and the latter higher, than her true place: this correction is like¬ 
wise used in reducing the moon's apparent distance from the sun, a star, or 
planet, to the true. The table is to be entered with the moon's apparent 
altitude to the nearest less tenth minute in the left side column, and the 
minutes of horizontal parallax at the top ; the parts for the unit minutes of 
altitude may be found at the bottom of the first page, but are to be taken from 
the right-hand columns of the other pages, observing that when the altitude k 
less than 10 degrees, to take the parts out with the nearest less tenth minute 
of altitude at the side, and the unit minutes at the top. The parts answering 
to seconds of parallax are to be taken from the right-hand part of the table, 
entitled at the top “ Add for Sec. of Par.”, in that compartment where the first 
correction was taxen, opposite the nearest less tenth second, and under the unit 
seconds. These parts are both additive. 

Example I. Required the correction corresponding to the moon's apparent 
altitude 33° 44 , ana horizontal parallax 56 / 57". 

Correction for moon’s altitude 33° 4<K, and horizontal parallax 56'.... 45 t* 


Parts for 4' of moon’s altitude... + 8 

Ditto for 57" of horizontal parallax ... + 48 

Moon’s correction required.. 45 57 
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Example II. Let the* moon’s apparent altitude be 8° 36^ and horizontal 
parallax 53' 40"; required the corresponding correction. 


Correction for moon*§ altitude 8° SO', and horizontal parallax 5& . 4O' 17" 

Parts for & of moon’s altitude. + 3 

Ditto for 40" of horizontal parallax ... -f 40 


Moon’s correction required.... 47 0 

Example III. Required the moon's correction answering to the apparent 
altitude 64° 20, and horizontal parallax 61' 16". 

Correction for moon’s altitude 64° 20\ and horizontal parallax 61' ... 2P 48" 

Parts for O' of moon’s altitude ..... + 10 

Ditto for 16" of horizontal parallax ..... -j- 7 

Moon's correction required....... 26 5 


The correction of the moon’s apparent altitude may be found independent of 
this table, by adding together the log. secant of the apparent altitude (rejecting 
10 in the index) and the proportional logarithm (XXXIV.) of the horizontal 
parallax; the sum of these will be the proportional logarithm of the parallax in 
altitude, from which subtract the refraction (taken from Table IV.) answering 
to the apparent altitude, and the remainder will be the moon’s correction. 

The first example will be thus worked:— 


Moon's apparent altitude... 
Moon’s horizontal parallax 

Moon's parallax in altitude 
Refraction (Table IV.). 

Moon's correction.. 


33° 44' . Secant. 0.0801 

56' 57". Prop. Log. 0.4998 


47 22". Prop. Log. 0.5799 

1 25 - 


45 57 


TABLE XXX/ 

Auxiliary Arcs . 

This Table of Auxiliary Arcs is employed in finding the true distance by 
Method I.; and as it is arranged similar to Table XXX., it is placed on the 
right-hand pages, opposite to the same arguments as in that table. 

The arcs are to be taken out with the moon's apparent altitude to the next 
less tenth minute in the left side column, opposite to which, in the column with 
the minutes of the moon’s horizontal parallax at the top, will be found a corre¬ 
sponding arc in minutes and seconds, to which always prefix 60°; the parts for 
tne unit minutes of the moon’s apparent altitude are found at the bottom of the 
page, and for the seconds of parallax in the right-hand part of the table, similar 
to those in Table XXX. A correction for the sun or star’s altitude is to be 
taken from the marginal column on the right hand; but when the distance 
of the moon from a planet is observed, the correction is to be taken from Table L. 
All these corrections are additive. 

Example I. Required the auxiliary arc corresponding to the moon's apparent 
altitude 33° 44', the moon’s horizontal parallax 56' 67", and the sun’s apparent 
altitude 10°. 

Arc corresponding to alt. 33° 40', and horizontal parallax 56'...... 60° 16' 59" 

Parts for 4' of moon’s altitude. -f- 2 

Ditto for 57" of horizontal parallax ..... -j- 13 

Ditto for sun’s apparent altitude 10°. 3 

Auxiliary arc required. 60 17 22 


* C 2 
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Example II. Required the auxiliary arc corresponding to the mtm’* 
apparent altitude 8° 36 / , the moon's horizontal parallax 53' 40", and a star's 
apparent altitude 1CP. 

Arc corresponding to moon’s alt. 8° 3(K, and hor. parallax 59 * ... 00° 9 87* 


Parts for 6' of moon’s altitude. -f- 8 

Ditto for 40" of horizontal parallax . -f* 4 

Ditto for star’s altitude 10°. 4* 1 


Auxiliary arc required. . .. 90 8 45 


Example III. Required the auxiliary arc corresponding to the moon’s 
apparent altitude 48° 37', the moon’s horizontal parallax 58'32" a planet’s 
apparent altitude 21°, and horizontal parallax 18". 

Arc corresponding to moon’s alt. 48° 3(K, and hor. parallax 58*... 60° 84' 4" 


Parts for V of moon’s altitude . •+■ 3 

Ditto for 32" of horizontal parallax . 4* 14 

Ditto for planet’s altitude 21°, and hor. parallax 18" (Table L.)... 4 4 


Auxiliary arc required................ 00 84 85 

TABLES XXXI. XXXII. 


Logarithms for finding the Apparent Time or Horary Angle . 

The logarithms in these tables are intended to facilitate the computation of 
time, deduced from the altitude of a celestial object; they are arranged in the 
same manner as those in Tables XXVII., XXVIII, and AXIX., and therefore 
their corresponding times are to be found in the same manner as in those tables. 

Example. Required the time corresponding to the logarithm 9.24864. 

The given logarithm .. 9. 24864 

The logarithm in the table next less to the above, corresponding to) a 
3h. 19m. 10s. is .....f * • 


Difference . 


14 


In the column of proportional parts opposite the nearest less logarithm, the 
difference 14 gives 2s.; therefore the time corresponding to the g^ven logarithm 
is 3h. 19m. 12s. 

TABLE XXXIII. 


Logarithms for finding the Correction to reduce the Sun’s Declination , Right 
Ascension, fyc. to any Time under the Meridian of Greenwich. 

By this table the proportional part of the daily change of the sun’s declina¬ 
tion, right ascension, or any other elements that are given in the Nautical 
Almanac, for intervals of 24 hours, may be found to the nearest second. The 
numbers at the head of the columns may be considered either as hours, degrees, 
or minutes, and those in the side columns must be taken as minutes or seconds 
accordingly. 

To find the proportional part corresponding to any given time at Greenwich, 
add together tne logs, of the daily variation and of the Greenwich time; their 
sum will be the log. of the proportional part of the change in 24 hours, to be 
taken in the same manner as the daily change is found: this proportional part 
added to, or subtracted from, the declination, &c. at the preceding noon, accord¬ 
ing as it is increasing or decreasing, the result will be the decimation, &c. at 
the given Greenwich time. 
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Example 1. Required the sen's declination and right aseension on Oct. 17* 


1885, at 15h. 9dm. mean time at Greenwich. 

Sun’s declination. Oct. 17, by Page II. of Naut. Aim. 9° 5 ; 56P S. 

Ditto Ow. 18, by ditto --8 27 58 8. 

Daily variation or change in 24 hours (increasing)....- 28 0 .Log. 0378 

Gr een wich mean time.•»•••»••••*••••••••••••••*••«*•••••»•*••• I5h. 36m. *.Log- l ** 1 

Variation or chang e in 15h. 36m. -f*® 18^ ......Log. Sll 

gu'i declination, Oct. 17, by Page II. of Naut. Aim. 9 5 56 S. 

Ditto at Greenwich mean time. 9 20 14 8. 

Sun’s right ascension, Oct. 17, by Page IL of Naut. AL 13h. 26m. 37s. 

Ditto, Oct. 18, by ditto .. 13 80 22 

Daily variation or change in 24 hours (increasing) ... 8 45 ...Log. 8062 

Greenwich mean time .. 15h. 36m. ...Log. 1871 

Variation or change in )5h.86ixiM...».**. .. 4*^* 2m. 26s**..Leg. 9988 

Sun’s right ascension, Oct. 17, by Page II. of Naut. Al. 13 26 37 

Ditto at Greenwich mean time. 13 29 3 


Example II. Required the right ascension and declination of the Planet 
Vera*, on March 31, 1835, at llh. 48m. mean tim* at Greenwich. 


Venus’s right asoen. March 31, by Page 281, Naut. AL 2lh« 50m. 53s. 

Ditto (March 32) April 1, by ditto . 21 55 18 

Daily variation or change in 24 hours (increasing). 4 25...Log. 7351 

Greenwich mean time ..*. llh. 48m. ...Log. 3083 

Variation or change in llh. 48m...... -f-h. Wf. Log.1.0484 

Venus’s right ascen. March 31, by Page 281, Naut. Al. 21 50 53 

Ditto at Greenwich mean time. 21 53 3 

Venus’s declination, March 31, by Page 281, Naut AL 12° 48' 50" S. 

Ditto (March 32) April!, by ditto . 12 30 27 S. 

Daily variation or change in 24 hours (decreasing) .» 18 23 ....~Logr 1158 

Greenwich mean tune..••••••• 1 lh. 48m.—Log. 3083 

Variation or change in llh. 48m. —° 9 r 2".Log. 4241 

Venus’s declination, March 31, by Page 281, Naut. AL 12 48 59 S. - 

Ditto at Greenwich mean time. 12 39 48 S. 


TABLE XXXIV. 

Proportional Logarithms. 

These logarithms were first calculated by Dr. Maskelyne, in order to facilitate 
the operation of finding the time at Greenwich, by comparing the observed 
distance between the moon and the sun, a star, or a planet, when reduced to 
the true, with those set down in the Nautical Almanac, for every third hour of 
Greenwich time; and are likewise frequently applied in other calculations where 
sexagesimals are concerned. The table is to be entered either with degree* 
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and minutes, or hoars and minutes, at the top, and seconds in either side 
column. Thus the proportional logarithm of (P 15' 36 ', or Oh. 15m. 3&. 
is 1.0621. 

Proportioa by logarithms being performed by adding together the arithmetic^ 
complement of the logarithm of the first term * to the logarithm of the second 
and third terms, rejecting 10 from the index; this table may therefore be 
readily applied in finding the fourth term of a proportion in sexagesimals; is 
we shall shew in the following examples. 

Example I. Suppose the sun's altitude to decrease 51' in 16m. 23s. of time, 
how much will it decrease in 8 m. 6 s. ? 

As 16m. 23s.Prop. Log. (Arith. Comp.). 8.9591 

Is to 8m. 6s..Prop. Log. 1.3468 

So is 0° 5 T.Prop. Log. 5477 

To decrease of alt. 25'13"...Prop. Log.8536 

Example II. Let the altitude of the moon's upper limb, observed at 
3h. 28m. 44s. be 20° 3', and 20° 45' when taken at 3b. 08 m. 20s.; required its 
altitude at 3h. 33m. 47s. 

h. m. s. h. m. s. ° ' 

Time at first alt... 3 28 44 Time at first alt. 3 28 44 First alt.... 20 3 

Time at second alt. 3 38 20 Time at req. alt. 3 33 47 Second alt— 20 45 

Diff.. Tie Diff.. 5 3 Diff..., *042 


As 9m. 36s.......,..Prop. Log. (Arith.Comp.)......... 8.7270 

Is to 5m. 3s..Prop. Log. 1.5520 

8o is 42* 0" .Prop. Log.6320 


To increase of alt. -j- 22* 6".Prop. Log. 

First observed alt. 20 3 0 


20 25 6 Altitude of moon’s upper limb at 3h. 33m. 47s. 


TABLE XXXV. 

To correct the apparent Distance . 

This table contains a correction applied in reducing the apparent to the tree 
distance by the approximate methods. It is to be entered with the distance at 
the top or bottom, and the moon's correction in altitude and in distance fa 
second correction) alternately, in the left side column; the difference between tie 
numbers of seconds thus taken out, is to be added to the corrected distance when 
less than 90°, or subtracted when above. 

Example. Required the correction corresponding to the distance T&, the 
moon's correction m altitude 36', and the moon's correction in distance 13'. 

In the column with 70° at the top, and opposite 36' in the side column, is 
found 4"; again, in the same column, opposite 13' in the side column, stands l"; 
the difference of these two numbers of seconds, viz. 3 ", is to be added to the 
corrected distance, because it is less than 90°. 

This table is somewhat altered from the original when the distance is above 
90° (the seconds being the complement to 20 of those formerly given), in order 
to adapt it to an easy and general method of clearing the distance, by Joseph 

10*0000t ar * t k met * ca * complement of a proportional logarithm is found by subtracting it fir* 


.9110 
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de Mendoza Rios, F. R. S. When his method is used, the seconds are to 
be taken out with the apparent distance at the top or bottom, and the moon's 
correction and difference of corrections in the side column. 

TABLE XXXVI. 

Natural Versed and Suversed Sines . 

In this table, which is calculated to radius 1.000000, the degrees are given 
at the top of the pages from 0° to 89°, and from 90° to 180° at the bottom. To 
each degree there are three columns, marked versed, parts for ", and suvers.; 
being abbreviations of natural versed sines, proportional parts for seconds of a 
degree, and supplementary natural versed sines, or suversed sines.. In the left 
columns of the pages are the minutes of the arcs between 0° and 89°, beginning 
from the top; they also represent seconds in taking out the proportional parts of 
the versed sines. In the right columns of the pages are the minutes for arcs 
between 9(P and 180°, beginning from the bottom; and they also represent 
seconds, in taking out proportiomd parts for suversed sines.* 

To find the Natural Versed Sine of a given Arc to the nearest Second. 

Find the natural versed sine, in the column of versed, corresponding to the 
given degrees and minutes, to which add the parts taken from the column 
of parts for ", belonging to the given degree, opposite the seconds in the left 
column, and the sum will be the natural versed sine required. When the given 
arc exceeds 180°, it is to be subtracted from 360°, ana the natural versed sine 


of the remainder will be that required. 

Example I. Required the natural versed sine of 65° 14/ 46". 

Under 65° in column of versed, and opposite 14' in the left column, is.581076 

Under 65° in column of parts for ", and opposite 46" in the left column, is 203 

Sum is the natural versed sine of 65° 14' 46" required.. . 581279 


Example IL Required the natural versed sine of 142° 38' 39", (or 

217° 21' 21"). 

Above 142° in column of versed, and opposite 38' in right column, is ... 1.794768 
Above 142° in column of parts for ", and opposite 39" in left column, is 116 

Sam is the natural versed sine of 142° 38' 39" (or 217° 21' 21") required 1.794884 

To find the Arc in Degrees, Minutes , and Seconds, corresponding to a given 
Natural Versed Sine. 

In one of the columns of versed find the natural versed sine next less to the 
given one, and the corresponding degrees and minutes will be those required. 
Subtract this natural versed sine from the given one, and opposite the remainder 
taken in the column of parts for ", belonging to the degree already found, will 
be the seconds required in the left column. 

Example I. Required the arc in degrees, minutes, and seconds, correspond¬ 
ing to the natural versed sine 049925. 

The given natural versed sine is .....949925 

The nearest less natural versed sine is found under 18°, and opposite Iff ) niooifl 
in the left column, being .| * b 

Difference..... 79 


9 This table is arranged similar to one in Mr. Riddle's Navigation, where only the last 
five decimal figures are inserted. 
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This difference 79 being found in the column of parts for ", under 18P, cor- 
reep t n ds to 51" in the kji column; therefore the arc required is 18° Iff 51". 

Example II. Required the arc to the nearest second c o rresponding to the 
natural versed sine 1.790977* 


The given natural versed sine is.... 

The n ea res t less natural versed sine is found above 142°, and opposite 
Iff in the right rahimn, being....... 


1.790977 


Difference. 


The difference 110 being found in the column of parts for " above 142°, cor¬ 
responds to 37'' in the left column: hence the required arc is 142° Iff 37"* 

This table is used in clearing the apparent distance of the moon from the 
sun, a star, or a planet, by Method I. in this Work, where only the last Jive 
decimalfigures are taken out; but as the true distance never differs much more 
than a degree from the apparent distance, the figures omitted can never lead 
to error in discriminating to which degree the true distance belongs. 

Example. Suppose the apparent distance to be about 74°, and the true 
distance eorresponaing to the sum of the last five figures of the natural versed 
tines 15359 be required: 


The given sum of the five last figures of natural versed sines is. 15369 

Under 73°, in the column of versed, and opposite in the left ceiomn, is... 16148 

Difference ..... 911 


The difference 210 in the column of parts for ", under 73°, corresponds to 45" 
in the left column ; therefore the true distance would be 73° 27' 4o". 

The same figures would also correspond to the arc 102° 25 / 12"; but that 
cannot be the true distance, as it differs so many degrees from the apparest 
distance: hence no mistake can arise by employing only the last five figures. 


To find the Natural Suversed Sine of a given Arc to the nearest Second. 

Add 1 minute to the given arc, and take out the natural suversed sine rf 
the degrees and minutes from the proper column; but the parts for seconds will 
be found opposite the given seconds in the right column, and are to be added ts 
the natural suversed sine of the degrees and minutes. 

Example L Required the natural suversed sine of 25° 19 7 12". 


Under 28? in column of supers n and opposite 2ff in left orimnm, is. 1.903834 

Under 26° in column of parts for ", and opposite 12" in right oofumn, is 101 

Sum is the natural suversed sine of 25° Iff 12" required.... 1.909136 


Examp lb £L Required the natural suversed sine of 164° 1& 27"- 

Above 164° in column of supers., and opposite Iff in right column, is.039930 

Above 164° in column of parts for ", and opposite 27" in right column, is 43 

S*mt is the natural suversed sine of 164° Iff 27 " required 


.037273 
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TABLE XXXVII. 

For reducing Sidereal to Mean Solar Time . 

This table is to be entered with the hours, minutes, and seconds of sidereal 
time, corresponding to which are the minutes, seconds, and hundredths of the 
acceleration of sidereal on mean time, the parts of which being taken out, and 
their sum subtracted from the given sidereal time, will convert the same into 
mean solar time. 

Example. Required the mean solar time corresponding to 8h. 25m. 42s. of 
sidereal time. 


8h. of sidereal time gives. lm. 18.64s. 

90m. . 3.28 

5m. .. 0.82 

40s. . 0.11 

2s. . 0.01 


Acceleration of sidereal on mean time... — 1 22.86 

Given sidereal time. 8h. 25 42. 

Mean solar time required . 8 24 19.14 


This table is useful when the time of a celestial object’s transit over the 
meridian is noted by a sidereal clock, and it is required to find the corresponding 
mean time. 


TABLE XXXVIII. 

For reducing mean Solar Time to Sidereal Time . 

The minutes, seconds, and hundredths in the table are to be taken out in the 
same manner as those in the preceding table, and their parts added to the given 
mean time. 

Example. Required the sidereal time corresponding to the interval 
42m. 50s. measured in mean solar time. 


2h. of mean solar time give. Om. 19. 71s. 

40m. 6.57 

9m. . 0.33 

50s. . 0.14 

Given mean solar time . 2h. 42 50 


Required sidereal time... 2 43 6.75 


If double altitudes of a star be taken to determine the latitude, the elapsed 
time, measured by a chronometer or watch, is to be reduced to sidereal time, as 
shove; then the computation will be the same as that for finding the latitude 
by double altitudes of the sun. 

TABLE XXXIX. 

Logarithmic Difference . 

The logarithms in this table are applied in several methods of reducing the 
apparent to the true distance. They are to be taken out with the given degree 
of the moon's apparent altitude at the top, and the nearest less tenth second of 
horizontal parallax m the left side column. The proportional part for the minutes 
sf altitude, which is subtractive, is found by multiplying the difference to 100 
minutes, taken out of the right side column opposite the horizontal parallax, by 
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the given minutes, and striking off two figures to the right; that answering to 
the unit seconds of parallax is found at the bottom part of the page under the 
given seconds, and is also subtractive. This logarithm is likewise to be further 
diminished by a number taken from Tables XL. or XLI. corresponding to 
the sun or star’s apparent altitude; or from Table XLIX. when a planet is 
observed. 

Example I. Required the logarithmic difference corresponding to the moan's 
apparent altitude 65° 35', the sun's apparent altitude 32° 59^ and the moon’s 


horizontal parallax 57 / 20". (See Example, p. 272.) 

Log. difference to moon’s apparent alt. 65°, and hor. par. 57' 20", is 9.993617 

The diff. 89 multiplied by 35\ gives the prop, part.— 31 ) 

Proportional part to 0" of moon’s horizontal parallax.— 0 > — 42 

Correction for sun’s apparent altitude 33°, (Table XL.)... — 11 J 

Logarithmic difference required... 9.993575 


Example II. Required the logarithmic difference corresponding to the 
moon’s apparent altitude 26° 23', the star’s apparent altitude 48° 1&, and the 
moon’s horizontal parallax 56" 30". (See Example, p. 275.) 


Log. difference to moon’s apparent alt. 26°, and hor. par. 5ff 30", is 9.997056 

The diff. 188 multiplied by 23', gives the prop, part. — 43 I 

Proportional part to 0" of moon’s horizontal parallax ... — 0 V — 43 

Correction for star’s apparent altitude 48° (Table XLI.)... — 0 ) 

Logarithmic difference required... 9.997013 


Example III. Required the logarithmic difference corresponding to the 
moon’s apparent altitude 71° 59', a planet’s apparent altitude 27° 7', the moon’s 
horizontal parallax 54'11", and the planet’s horizontal parallax 14". (See 
Example, p. 279.) 


Log. diff. to moon’s apparent alt. 71°, and moon's hor. par. 54' 10", is 9.993716 

The diff. 68 multiplied by 59‘, gives the prop, part. — 40 \ 

Proportional part to 1" of moon’s horizontal parallax ... — 9 > — 56 

Corr. for planet’s app. alt. 27°, and hor. par. 14" (XLIX.) — 14 ) 

Logarithmic difference required..... 9.9936G0 


TABLE XL. XLI. 

To correct the Logarithmic Difference. 

These tables are intended to correct the logarithmic difference for the snn or 
a star’s apparent altitude, with which they are to be entered, and the corre¬ 
sponding number subtracted from the logaritnmic difference, as shewn above. 

TABLE XLII. 

Amplitudes. 

This table is intended to expedite the method of finding the variation of the 
compass by comparing the magnetic with the true amplitude: the latter is bcve 
taken out by inspection, being given in degrees and minutes, and is to be 
with the declination at the top, and the latitude in the left side column. More¬ 
over, when the minutes of the latitude or declination are nearly 30, othatfs 
degree, the mean of the amplitudes found for the two nearest degrees, will gjw® 
the amplitude required nearly, as shewn in the following examples. 










EXPLANATION OF THE TABLES. XXVii. 

Example L What is the sun's true amplitude in latitude 51° 31' N., when 
the declination is 8° ? 

True amplitude by Table for latitude 51° and declination 8° .. 12° 47' 

Ditto for latitude 52 and declination 8 . 13 4 

2)25 51 

Sun’s true amplitude required .... 12 55 


declination is 18° 32'. 

True amplitude by Table for latitude 34° and declination 18°. 21° 53' 

Ditto for latitude 34 and declination 19 . 23 7 

2)45 0 

Sun’s true amplitude required .. 22 30 

Example III. On what points of the horizon does the sun rise and s 
latitude 57° N., when his declination is 18° 28' S. ? 

Sun’s true amplitude for latitude 57° and declination 18° .. 34° 34' 

Ditto for latitude 57 and declination 19 . 36 43 

Ditto for latitude 58 and declination 18 . 35 40 

Ditto for latitude 58 and declination 19 . 37 54 

4)144 51 

Sun’s true amplitude required . 36 13 


Hence the sun rises E.36° 13' S., or S. E. f E., and sets W.36° 13' S, or S. W. j W. 

In the same manner the true amplitude of the moon, planets, or stars may 
be found when their declination and the latitude are given. 

TABLE XLIII. 

Semidiurnal and Seminocturnal Arches, 

For finding the Time of the Rising and Setting of a Celestial Object . 

This table exhibits half the time that a celestial object continues above the 
horizon when the declination and latitude are of the same name; or below, when 
they are of contrary names; usually called its semidiurnal and seminocturnal 
arches, from whence the apparent time of its rising and setting may be com¬ 
puted. These are to be taken out with the latitude in either side column, and 
the declination at the top; then the angle of meeting will point out the arch 
required, which, if the object be the sun, will be the apparent time of its setting, 
when the latitude and declination are of the same name, or of its rising, when 
they are of contrary names; and this subtracted from 12 hours, will give the 
apparent time of the sun's rising in the former case, and of its setting in the 
latter: double the time of his rising will be the length of the night, and double 
the time of his setting, the length of the day. 

Example. Required the apparent time of the sun's rising and setting, with 
the length of the day and night, in latitude 51° 31' N., when the declination 
is2CFN. 


*D2 
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The time answering to latitude 61° and declination S0° is ............ 7h. 47m. 

Ditto to latitude 52 and declination 20 is 7 SI 


9)15 88 

App. time of the sun’s setting, because lat. and dedin. are both North 7 49 


Apparent time of the sun’s rising. 4 11 

Double the rising gives the length of the night in apparent time...... 8 22 

Double the setting gives the length of the day in ditto ...... 15 38 


To find the apparent time of a star's rising and setting, subtract the sun's 
right ascension from the star's right ascension (increasing the star's right ascen¬ 
sion by 24 hours, if it be less than the sun's), and the remainder will be the 
approximate time of the star's passing the meridian*; then the latitude and 
declination found in the table, will give the time the star takes in ascending 
from the horizon to the meridian, and descending from the meridian to the 
horizon, when they are of the same name: therefore, if these hours and minutes 
be subtracted from the time of its passage over the meridian, the remainder will 
be the apparent time of its rising; and, if added, the sum will be the time of 
its setting. 

But when the latitude and declination are of contrary names, the time found 
a8 above will be half the star’s continuance under the horizon; consequently it 
is to be subtracted from 12 hours, to give half the time of its continuance above 
the horizon; with which proceed as before. 


Example 1. At what apparent time does the Star Arcturus rise and set on 


June 1st, in latitude 51° Worth? 

Star's right ascension by Table XIII... 14b. 8m. 

Sun’s right ascension, June 1st, by Table XIV.... 4 85 

Approximate time of the star’s passing the meridian. 9 83 

Time answering to latitude 51° N., and star’s declination 29° N., is 7 47 

Remainder gives the time of the star’s rising... 1 46 

Sum gives the time of the star’s setting . 17 20 P. M. 

Or... 5 20 A. M. 


Example II. At what apparent time does the Star Regulus rise and set on 
May 10th, in latitude 33° South ? 

Star’s right ascension by Table XIII... 10b. Om. 

Sun’s right ascension. May 10th, by Table XIV. 3 8 

Approximate time of the star’s passing the meridian. 6 52 

Time answering to latitude 33° S., and star’s declination 13° N., is I 5 
6h. 34m., which subtracted from 12 hours, is .j 0 ** 


Remainder gives the time of the star’s rising . 1 26 


Sum gives the time of the star’s setting .. 12 18 P. M- 

Or... 0 18 A M 


* The time of 60 of the principal stars passing the meridian throughout the year will be 
found in Table XLIV. 
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Note. —If the time of the eon or a star’s rising or setting be required in 
mean time, the equation of time taken from the Nautical Almanac, must be 
applied to the apparent time, found as in the preceding Examples. 

After the same manner, the mean time of the rising and setting of the planets 
may be computed, observing to take out their declination and passage over the 
meridian from pages 267 to 358 of the Nautical Almanac for 1835. 

To find the time of the rising and setting of the moon, the time of her passage 
over the meridian of Greenwich in mean time is to be taken from Page IV. 
of the month in the Nautical Almanac, to which the minutes from Table XVI. 
are to be applied, in order to obtain the time of its passing the meridian of the 
riven place; then the semidiurnal arch, found as before, answering to the moon’s 
declination at the time of its passing the meridian (given in Pages V. to XII. 
of each month in the Nautical Almanac), and the Latitude of the place, sub¬ 
tracted from the above reduced time, will give the approximate time of the 
moon's rising, or, added thereto, will give that of its setting. But as the moon 
changes her place in the heavens very rapidly, if greater accuracy be required, 
the declination must be taken from the Nautical Almanac corresponding to the 
approximate time of its rising or setting reduced to Greenwich time; then the 
semidiurnal arch being again found, ana corrected by adding the minutes from 
Table XVL corresponding thereto, and the daily variation of her passage over 
the meridian, the sum, subtracted from, or added to, the reduced passage over 
the meridian, will give the mean time of her rising or setting very nearly. 


Exauple. Required the mean time of the moon's rising at St. Helena, 
latitude 15° 55' S. and longitude 5° 43' W., on July 8, 1835. 


In Page IV. of July in the Nautical Almanac, the time of the moon’s 
poking the meridian of Greenwich is lOh. 46m., to which one 
minute (the number from Table XVI. answering to the daily 
variation 63m. and lonjptude 5° 43') being added, gives the time 

of her passing the meridian of St. Helena . 

Time answering to latitude 16° 8. and moon’s dedination 244° 8.... 


lOh. 47m. 
6 30 


in 


Remainder gives the approximate time of moon’s rising .. 4 17 

Longitude of St. Helena, in time (Table XIX.).. 0 23 W. 


Corresponding Greenwich time 


4 40 


The moon's declination at this time, by Page VI. of July in the Nautical 


Almanac, is 24° 47 / South. 

Time answering to latitude 16° S., and declination 24° 47' S. 6h. 31m. 

Correction from Table XVI. to 6h. 31m., and daily variation 63m.... -f* 17 

Semidiurnal arch corrected. 6 48 

Reduced time of the moon’s passing the meridian. 10 47 

Time of the moon’s rising...... 3 59 


It must be understood that the above methods are only approximations, and 
may deviate two or three minutes from the truth; but it is presumed they will 
be found sufficiently exact for most nautical purposes. 

The semidiurnal and seminocturnal arches may be found independent of this 
table, by adding together the log. tangents of the given latitude and declination, 
which sum will be the log. sine of an arch in degrees, Ac. to be reduced into 
time, and increased by six hours. 
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TABLE XLIV. 

To find the Time of the principal Stars passing the Meridian . 

In this table the apparent times of 61 of the principal stars passing the 
meridian are given for every fifth day of each month throughout the year, 
beginning on the first day of each month; and since the stars perform a revo¬ 
lution, or return to the meridian, in 23 hours, 56 minutes, and 4 seconds of 
mean solar time, that is about 4 minutes earlier every day, when the time of 
their transit is required for any intermediate day, it may be found by multiply¬ 
ing the number of days, since the preceding one given in the table, by 4, and 
subtracting the product from the time of the transit on that day: the remainder 
will then be the apparent time of the transit on the day required. Suppose, for 
example, we want to know at what time the Star Aldebaran will pass the 
meridian on February 14th. Now, by the table it appears that the star will pass 
the meridian on the 11th of that month, at 6h. 46m. ; then to find the time of its 
transit on the 14th, multiply 3, the number of days since the 11th, by 4; the 
product, 12 minutes, subtracted from 6h. 46m. will give 6h. 34m., the time of 
the star's passage over the meridian on the 14th February. 

The times shewn in the table being only approximations, may deviate two or 
three minutes from the truth, but will nevertheless be sufficiently exact for the 
purposes to which they are intended to be applied. 

By the assistance of this table, the method of finding the latitude by the 
meridian altitude of a star will be greatly facilitated; for when we know at 
what time nearly a star will pass the meridian, and its approximate altitude at 
that time, there can be uo difficulty in making the requisite observation to 
determine the latitude: these opportunities occur frequently in the course of a 
clear night, and may be put in practice by any person otherwise unacquainted 
with the stars in the heavens; which we shall endeavour to explain by a few 
examples. 

In the first place, the altitude of any star when passing the meridian, may be 
found by adding together the co-latitude of the place of observation, and the 
declination of the star, when they are of the same name, or taking their differ¬ 
ence when of contrary names: the altitude to be reckoned from the South point 
of the horizon, when the latitude is North, and the contrary when South; but 
when the sum exceeds 90°, it is to be taken from 180°, and reckoned from the 
opposite point of the horizon, that is, from the North in North latitude, and 
from the South in South latitude. 

Thus, having the time of the star's transit, or passage over the meridian, by 
the table, and its meridian altitude nearly by calculation, set the index of the 
auadrant to that altitude, and a few minutes before the time of the star's transit, 
direct the sight towards the North or South points of the horizon, as shewn 
above, and the reflected image of the star will be perceived in the horizon-glass, 
upon or near the horizon, which being brought into contact with it, and kept so 
until the star arrive at its greatest or meridian altitude, and the arch read off the 
quadrant, the correct latitude may be found by calculation. 

Example I. Suppose, on the evening of July 6th, the ship being in latitude 
36° 3(y N. by account, about nine o'clock, the latitude be required by observing 
the meridian altitude of a star. Now by the table, the Star Antares will pas* 
the meridian on that day about 9h. 16m.; also by Table XIII. the declination 
of that star appears to be 26° & S.; therefore from the complement of the latitude 
53° 30' N. subtract the star's declination, because they are of contrary names, 
and the remainder will give the meridian altitude 227', to which set tbe 
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index of the quadrant, and directing the sight to the South point of the horizon, 
observe the meridian altitude of the Star Antares, and thence deduce the latitude. 

There is not the least danger of mistaking the star, as no other will have the 
same meridian altitude at that time. 


Examplr II. What star will be on the meridian about 5h. A. M. on 
February 3d, and what will be its meridian altitude, supposing the latitude of 
the ship to be 15° 4& N. by account ? 

By Table XLIV. the Star A returns will pass the meridian on ) 0 

February 1st at. f X7K 6m * 

Number of days since 2x4= ....... — 8 


Arcturus will pass the meridian on February 3d at... 16. 58 P. M. 

12 0 


Or... 4 63 A. M. 


Latitude of the ship by account.... 15° 4O' N. 

90 


74 20 N. 
20 3 N. 

94 23 
180 


Meridian altitude of Arcturus from the North point of the) 

horizon. ( 85 87 


Complement of the latitude.. 

Declination of Arcturus by Table XIII. 


When the complement of a star's declination is less than the latitude, of the 
same name, the star will not rise or set, but pass the meridian below the pole 
llh. 58m. after it has passed the meridian above the pole: its altitude being 
then observed, the latitude may thence be found by rules laid down for that 
purpose in page 189. 

Its meridian, or least altitude at that time, is found by subtracting the com¬ 
plement of the declination from the latitude ; which altitude is to be reckoned 
from the North or South points of the horizon according to the latitude. 

Example III. At what time will the Star Dubhe, in Ursa Major, be on 
the meridian below the pole on December 15th, and what will be its meridian 
altitude at that time in latitude 45° 40' N. ? 


Time of Dubhe’s transit above the pole, Dec. 11th, Table XLIV. 17h. 37m. 


Number of days to December 14 th, 3x4 =. — 12 

Time of Dubhe’s transit above the pole, December 14th.. 17 25 

Half interval of the star’s revolution. 11 58 

29 23 
24 

Time of Dubhe’s transit below the pole, December 15th. 5 23 P. M. 

Declination of Dubhe by Table XIII. 62° 3IK N. 

90 

Complement of the declination ... 27 21 N. 

Latitude..... 45 40 N. 


Meridian altitude of Dubhe below the pole from the North point I IA 10 
of the horizon .......j_ 
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Example IV. At what time will the Polar Star pass the meridian brio m 
the pole on March 6th, and what will be its meriaian altitude in latitude 
61° W / N. ? 

Time of the Polar Star's transit above the pole, March 6th(XLIV.) lh. 50m. 

Half interval of star^p revolution .... 11 58 


13 48 
12 

Time of the Polar 8tar's transit below the pole, March 6th. 1 48 A. M. 

Declination of the Polar Star by Table XIII. 88° 25 / 

90 

Complement of the declination ... 1 35 

Latitude. 61 30 N. 


Polar Star's meridian altitude below the pole from the North 1 .g u 
point of the horizon.......j 


TABLE XLV. 

Forfinding the Time most advantageous for observing the Altitude of a Celestial 
Object , in order to ascertain the Apparent Time . 

The most advantageous time for observing the altitude of a celestial object, 
from thence to deduce the apparent time at the meridian of a given place, is 
when the object is in the prime vertical; that is, when it bears true East or 
West from the observer, 0 or is at its nearest approach to those points: t this 
table is, therefore, intended to determine those times when the latitude and 
declination are both of the same name; for when they are of contrary names, 
the object is nearest those points when in the horizon; and in that case, the 
observation should be made when it is near the horizon, but not at a lea 
altitude than 6 or 7 degrees, on account of the uncertainty of refraction at low 
altitudes. 

The table is to be entered with the nearest degree of declination at the top, 
and degree of latitude at the side column, which will give the time from noon 
required, if the object be the sun ; but if it be a star, proceed thus: find the 
time of the star’s passage over the meridian on the given day by Table XLIV 
and the time corresponding to the latitude of the place, ana the declination d 
the star, from the present table; which subtracted from, or added to, the time 
of its transit over the meridian, according as the observation is to be made before 
or after its transit, the result will be the apparent time required. 

Example I. At what time will the sun be in the prime vertical, or beer 
West, on May 20th, 1835, in latitude 31° 45 / N. ? 

By Table X. the sun's declination on May 20th, 1835, is 1&53' North. 

The latitude 32° in the left side column, and the declination 90? at the top, 
give 3h. 38m., the apparent time required, after noon. 


* When the object is in the prime vertical, the change of altitude in one aeoood of dm* 
will be — 15" x co-sine of the latitude. 

•+ When the latitude is less than the declination, and of the same name, the object wiD 
not pass the prime vertical, or East and West points; but its nearest approach thereto will to 
when its diurnal circle coincides with an azimuth circle. 
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I Example II. At what time will the eun be at its nearest approach.to the 
prime vertical before noon on February 5th, 1835, in latitude l<P30*^buth? 

By Table X. the sun's declination, February 5th, 1835, is 10° 3' S. 

Time corresponding to latitude 10° and declination 16° ...... 3h. 28m. 

Ditto to latitude ! t° and dedination 16° *. 8 9 




2) 6 37 

Ditto 

to latitude 10°30\ and declination 16°. 



In this example the latitude being less than the declination, and of the 
same name, the sun will not bear East, but will be at its nearest approach to 
that point at 3h. 18m. before noon, that is at 8h. 42m. A. M. apparent time. 

Example III. At what time will the Star Regulus bear due East on 
February 6th, in latitude 47° North. 

Apparent time of star's transit, February 6th, (Table XLIV.) ... 12h. 89m. 

Tune corresponding to star's declination 13° N., (Table XIII.)) - 

and latitude 47° N.. f ~ 5 lW 


Apparent time of star's bearing due East ...... 7 29 P. M. 


Example IV. At what time will the Star a Arietis bear nearest to the west 
point of the horizon on September 26th, in latitude 17° 5' North. 

Apparent time of star's transit, September 26th, (Table XLIV.). I3h. 44m. 

Time corresponding to star’s declination 22° N.» (Table XIII.)) 0 

and latitude 17° S' N. .....f * SW 


Time of the star's nearest approach to the West point of the horizon... 16 34 P. M. 

Or... 4 34 A.M.; 


In a similar manner, the time when a planet is on or near the prime vertical 
may be ascertained by taking out the mean time of its passage over the 
meridian, and its declination, from the proper page in the Nautical Almanac. 

Note. As the meridian passages of the planets and the moon are given in 
the Nautical Almanac for mean time, the time when they are on or near the 
prime vertical, may be reduced to apparent time by applying the equation 
taken from Page 1L of the month in the Nautical Almanac. 

Example. Required the most advantageous time for observing the altitude 
of the Planet Jupiter, after its meridian passage, on January 4, 1835, in 
order thence to compute the time at the meridian of a given place in lati¬ 
tude 48° N. 

Haw time of the planet's mend, passage, Jan. 4,1835 (P. 323, N. A) 9h. 7 m. 

Time corresponding to lat. 48° N., and decL 20° N., (ditto) is 4 43 


Mean time of the planet’s bearing West . 13 50 

Equation of time, by Page II. of the Nautical Almanac. — 5 

Apparent time of the planet's bearing West. 13 45 P. M. 


Or... 1 45 A. M. 


If the time when the moon is on or near the prime vertical be required, find 
the mean time of its meridian passage at Greenwich, by Ppge IV. of the month 

* E 
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in the Nautical Almanac, which reduce to the time of its passing the meridian 
of the given place by Table XVI.: then find the corresponding time at Green¬ 
wich, as directed in Page 155; and take out the moon’s declination from the 
N&utical Almanac, corresponding to this time. 

With the moon's declination, and the latitude of the given place, find the 
time by the present table.* Add to this time the minutea corresponding to it, 
and the moon’s daily variation, taken from Table XVI., and subtract the sum 
from, or add it to, the time of the moon’s meridian passage at the given place, 
according as the observation is to be made before or after it, and the result will 
be the mean time required, which may be reduced to apparent time, by applying 
the equation from Page II. of the Nautical Almanac. 

Example I. Required the apparent time when the moon will be on the 
prime vertical, or bear due West, on August 4, 1835, in latitude 34° 56 S., 
and longitude 72° East. 

Mean time of the moon's meridian passage at Greenwich, Aug. 4, ) 

by Page IV. of the Nautical Almanac. ( 

Corr. for daily variation 59m. f and longitude 72° E. (Table XVI.) — 11 


Mean time of the moon's meridian passage at the given place. 8 22 

Longitude 72° E. in time (Table XIX.)... 4 48 

Mean time at Greenwich when the moon passes the meridian of the ) « 
given place.........j 


Mean time of the moon’s meridian passage at the given place. 8 22 

Time by the table corresponding to 24° S. (the moon’s) 

declination at 3h. 34m. Greenwich mean- time, by V 3h.22m.) 

Page V. of the Naut. Aim.), and latitude 35° S. I J- 3 30 

Corr. for daily variation 39m., and 3h. 22m. (Table XVI.) -j- 8 j 


Mean time when the moon bears West of the meridian at the 1 53 

given place.. j 

Equation of time by Page II. of the Nautical Almanac. — 6 

Apparent time when the moon bears West of the meridian at the ) ^ 46 P M. 
given place...j 


Example II. At what apparent time will the moon be nearest to the 
vertical, before it has passed the meridian, on October 11, 1835, in latitude 
13° N., and longitude 68° W. 

Mean time of the moon’s meridian passage at Greenwich, Oct. 11,) , 

by Page IV. of the Nautical Almanac .f ldn * 40 

Corr. for daily variation 50m., and longitude 68° W. (Table XVI.) -f- 9 


Mean time of the moon’s meridian passage at the given place. 15 55 

Longitude 68° W. in time (Table XIX.)... 4 32 


Mean time at Greenwich when the moon passes the meridian of the ) ^ 27 
given place...j * 


• The time found by the table will not be quite correct, since it is taken out with th# 
moon’s declination at the time of its meridian passage, whereas it should be for the tune d 
its being on or near the prime vertical; but the result will be sufficiently near the troth, fc* 
the purpose to which it is here applied. 
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Mean time of the moon's meridian passage at the given place ...... 

Time from table corresponding to 25° N., (the moon's 1 
declination at 20h. 27m. Greenwich mean time, by v 4h. lm. 
Page VII. of the Naut. Aim.), and latitude 13° N....-J 

Corr. for daily variation 50m. and 4h. lm. (Table XVI) + 8 


Mean time when the moon is nearest the prime vertical, to the 

Eastward. 

Equation of time by Page II. of the Nautical Almanac .. 

Apparent time when the moon is nearest the prime vertical, to the 
Eastward ...... 


15h.55m. 


4 

9 

11 

46 

+ 

13 

11 

59 P.M. 


TABLE XLVI. 

Forfinding the Altitude of a Celestial Object most advantageous for 
ascertaining the Apparent Time. 

By this table the altitude of a celestial object may be found nearly, when the 
object U in the prime vertical, or at its nearest approach thereto. It is to be 
entered, as in the last table, with the declination at the top, and the latitude in 
the left column. 

Example I. Required the altitude of the sun when it is in the prime 
vertical. May 20, 1835, in latitude 31° 45' N. 

The latitude 32° in the left column, and the declination 20° at the top, give 
the corresponding altitude 40? 12'. 

Example II. Required the altitude of the Star Regulus, when it bears due 
East or West, on February 6, 1835, in latitude 47° N? 

The altitude in the table, corresponding to latitude 47°* and the star’s decli¬ 
nation 13°, is nearly 18°. 

Example III. Required the altitude of the Planet Jupiter, on January 4, 
1835, when it is in the prime vertical, in latitude 48? N. 

The altitude corresponding to latitude 48°, and the planet’s declination 
19° 56’ N., is about 27° 24'. 

Example IV. What will be the altitude of the moon when it is nearest to 
the prime vertical, eastward of the meridian, on October 11, 1835, in latitude 
13? N., and longitude 68? West ? 

The latitude 13° N., and the moon’s declination 25° N., give the moon’s 
altitude about 32° 13". 

Note. See the above Examples worked in the explanation of the preceding 
table, for finding the time when an object is on or near the prime vertical. 

TABLE XLVII. 

Logarithms for finding the Correction to reduce the Moon's Declination or Right 
Ascension to any Time under the Meridian of Greenwich. 

The moon's right ascension and declination being given in the new Nautical 
Almanacs to every hour of Greenwich mean time, this table is intended princi¬ 
pally to reduce them to any interval between the hours, by finding the propor¬ 
tional part of the change in one hour: the figures at the head of the columns 
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being taken as minutes of an hour or a degree, and those in either side column 
as seconds 

To reduce the moon's right ascension or declination to any given mean time 
at Greenwich, take them out from the Nautical Almanac for the hours on the 
given day, preceding and following the Greenwich time, and find the hourly 
variation; then adding together its logarithm, and the logarithm of the minutes 
and seconds of the time at Greenwich since the preceding hoar, their sum will be 
the log. of the variation or change in that time; which being applied to the right 
ascension or declination at the preceding hour, by addition or subtraction, 
according as the quantity is increasing or decreasing, the result will give them 
reduced to Greenwich mean time. 

Example I. Required the moon's right ascension and declination, October 6, 
1835, at 14h. 36m. 15s. mean time at Greenwich. 

Moon’s right ascen. Oct. 6 , at 14h. by Page VI. Naut. AL lh. 9m. 15s. 


Ditto, ditto, at 15h. ditto .. 1 11 5 

Variation in l hour, or 60 minutes...*. 1 50 ...Log. 1.5149 

Moan time at Greenwich after 14h. 36m. 15s. ...Log. .9188 

Variation or change in 36m. 15s. -f-h. 1m. 6 s. ...Log. 1.7337 

Moon's right ascension, October 6, at l4h. 1 9 15 -- 

Ditto, at 14h. 36m. 15s. Greenwich mean time 1 10 21 

Moon’s declination, Oct. 6 , at 14h., by Page VI. Naut. Al. 3° 35' 9" N. 

Ditto ditto, at 15h. ditto. 3 48 40 N. 

Variation in 1 hour, or 60 minutes. 13 31 ...Log. .6479 

Mean time at Greenwich after I4h. 36m. 15s. ...Log. .2188 

Variation or change in 36m. 15s. -f° W 10 * ...Log. .8681 

Moon’s declination, Oct. 6 , at 14h. 3 35 9 N. — 

Ditto, at 14h. 36m. 15s. Greenwich mean time 3 43 19 N. 


Example II. Required the moon's right ascension and declination. May 23, 
1835, at 9h. 48m. 35s. Greenwich mean time. 

Moon’s right ascen. May 22, at 9 h. by Page X. Naut. AL Oh. 43m. 49s. 

Ditto, ditto, at lOh. ditto . 0 45 36 


Variation in l hour, or 60 minutes. 

Mean time at Greenwich after 9h... 

Variation or change in 48m. 35s. 

Moon’s right ascension, May 22, at 9 h... 

Ditto at 9h. 48m. 35s. Greenwich mean time 

Moon’s declination. May 22, at 9h. by Page X. Naut. Al. 
Ditto, ditto, at lOh. ditto. 

Variation in l hour, or 60 minutes.. 

Mean time at Greenwich after 9h... 

Variation or change in 48m. 35s... 

Moon’s declination, May 22, at 9h... 


1 47 ...Log. 1.5289 

48m. 35s. ...Log. .0917 


+h. lm. 27a. ...Log. 1.6188 
0 43 49 -- 


0 

45 

16 

0 ° 

lO' 

34" S. 

0 

2 

28 N. 


13 

2 ...Lor.. 6631 


48m. ..Log. .0917 

_o 

ltf 

33" ...Lw.. 7543 

0 

10 

34 S. - 


Ditto, 


at 9h. 48ra. 35s. Greenwich mean time 0 0 18. 
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TABLE XLVIII. 

The Parallax in Altitude for Planets . 

Opposite the apparent altitude of the planet, in one of the side columns, and 
under the horizontal parallax, will be found its parallax in altitude, which is 
always to be added to the altitude of the planet.— Example . If the altitude of a 
planet be 40°, and horizontal parallax 15", its parallax in altitude will be 12" by 
the table. 


TABLE XLIX. 

To correct the Logarithmic Difference when a Planet is observed 

The corrections in this table are to be taken out with the planet's apparent 
altitude in the right or left column, and the horizontal parallax (found in the 
Nautical Almanac) at the top, and is to be subtracted from the logarithmic 
difference taken from Table XXXIX. 

Example. Required the correction of the logarithmic difference corresponding 
to the apparent altitude of a planet 12°, and horizontal parallax 15". 

Opposite 12°, and under 15", will be found the corresponding correction 9. 


TABLE L 

To correct the Auxiliary Angle when a Planet is observed. 

The corrections in this table are taken out with the same arguments as the 
last; that is, with the planet's apparent altitude in either side column, and the 
horizontal parallax at the top, ana is always additive to the auxiliary angle taken 
from Table XXX*. 

Example. Required the correction of the auxiliary angle corresponding to 
the apparent altitude of a planet 65°, and horizontal parallax 19". 

Opposite the apparent altitude 65°, and under the Horizontal parallax 19", is 
the corresponding correction 10". 

TABLE LI. 

To reduce the Equation of Time to any Time at Greenwich . 

This table is to be entered with the daily change or variation of the equation 
of time (being the difference of the equations at the preceding and following 
noons, taken from Page I. or II. of the month in the Nautical Almanac, when 
they are both additive, or both subtractive, but their sum when one is subtrac¬ 
tive, and the other additive,) at the top, and the Greenwich time in the left side 
column; the corresponding correction is then to be applied to the equation at 
the preceding noon, by addition or subtraction, according as the equation is 
increasing or decreasing. But should the correction exceed the equation at the 
preceding noon, the latter is to be subtracted from the correction, and the 
remainder will be the reduced equation, to be applied in the same way as 
directed in the Nautical Almanac for the equation at the following noon. 

When the Greenwich time exceeds 12 hours, the correction must be taken 
out at twice, as in the third and fourth Examples. 

Example I. Required the equation of time, March 1, 1835, at 3 hours 
apparent time at Greenwich. 
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Equation of time at app. noon, March 1, by Page I. Naut. AL 
Dittos March 2 , by ditto . 

Daily change or variation (decreasing) . 

Equation of time (as above) March 1... 

Correction to difference 12s. and 3 hours . 

Reduced equation of time (to be added to apparent time)...... 


12m. 42.14s. 
12 30.21 


0 11.93 or 12s. nearly- 


12 m. 

42.14s. 

— 

1.5 

12 

40.64 


Hence the mean time at 3 hours apparent time at Greenwich, on March 1, 
1835. is3h.12ra.40.648. 


Example II. Required the equation of time, on December 3,1835, at 8h. 30m. 
apparent time at Greenwich. 

Equation of time at apparent noon, Dec. 3, by Page I. Naut. Al. 10m. 8.4s. 
Correction to daily change or variation 23.8s. and 8 h. 30m. ...... — 8 .5 


Reduced equation of time (to be subtracted from apparent time)... 9 59.9 


Example III. Required the equation of time on April 8,1835, at 16h. 35m. 
mean time at St. Helena, in longitude 5° 45' W. 

Mean time at St. Helena. 16h.35m. 

Longitude in time (Table XIX.)....... + 23 W. 


Mean time at Greenwich 


16 58 


Equation of time at mean noon, April 8 , by Page II. of Naut. Al. 2m. 1.9s. 

Corr. to daily variation 17. Is. and 12 hours... — 8 .5s.J IQ n 

Ditto 4h. 58m.... - 3.5 /. ~ 13I U 

Reduced equation of time (to be subtracted from mean time). 1 49.9 

Example IV. Required the equation of time on June 15, 1835, at 18h. 30m. 
Greenwich apparent time. 

Equation of time at apparent noon, June 15, by Page I. of Naut. AL Om. 4. 4 s. 

Corr. to daily variation 12. 6 s. and 12 hours ......... 6.3s.) n a - 

Ditto 6h.30m. 3.4 f. u 1 

Reduced equation (to be added to apparent time) ... 0 5.3 

In this example the equation of time, on June 15, at Greenwich apparent 
noon, is 0m. 4.41s. subtractive, and on the following noon it is Om. 8- 23s. 
additive; therefore the equation having first decreased to 0, and then increased, 
their sum (12.64s.) is the amount of the daily variation or change in 24 hours; 
and since the correction is greater than the equation on the 15th, at apparent 
noon, the latter is to be subtracted from the correction, and the remainder will 
be the reduced equation 0m. 5.3s., to be added to apparent time, in order to 
reduce it to mean time: hence the mean time corresponding to 18h. 30m 
apparent time, will be 18h. 30m. + 0m. 5.3s. = 18h. 30m. 5.3s. 


TABLE LII. 

Equation* of equal Altitude*, 

Observations of the sun, taken when at equal altitudes, afford an easy and 
accurate method of ascertaining the time shewn by a chronometer at apparent 
or mean noon, and from thence its error: but since the sun changes his decli¬ 
nation during the interval between the corresponding altitudes, the middle of 
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the times by the chronometer when they were taken, will not be that shewn by 
it when the sun passes the meridian ; and hence it becomes necessary to apply 
a correction, called the equation of equal altitudes, to the middle of the times, 
which may be easily computed as follows, by means of this table. 

Rules. —1. Opposite the interval between the observations, take out the 
logarithms marked A. and B. at the head of the columns. 

2. To log. A. add the log. (XXIV.) of the seconds in the change of the sun's 
declination between the noons of the preceding and following days, (taken from 
the Nautical Almanac), and the log. tangent (XXV.) of the given latitude; 
the sum of these three logs, will be the log. (XXIV.) of the first part of the 
equation. 

3. To log B. add the log. of the above seconds, and the log. co-tangent of the 
sun's polar distance to the nearest minute on the given day; their sum will be 
the log. of the second part of the equation. 

4. The first part of the equation is additive when the declination is decreasing, 
and of the same name with the latitude; or increasing, and of a different name 
from the latitude: but subtractive , when the declination is increasing, and of 
the same name with the latitude; or decreasing, and of a different name from 
the latitude. 

5. The second part of the equation is additive when the declination is increas¬ 
ing ; but subtractive when the declination is decreasing. 

Examplb I. November 10, 1835, in latitude 57° O'N., suppose the interval 
between two sets of equal altitudes of the sun to be 5h. lym.: required the 
equation of equal altitudes. 

Sun’. dec l Nov. 9, by N. A. 16° 45' 15" S. Sun’s decL Nov. 10, by N. A. 17° S. 

Ditto Nov. 11. 17 19 16 S. 90 

Change of declin. in 9 days 84 1 =2041" Sun’s polar distance. 107 3 


Interval. 5h. 17m. Log.A. 7.7599 . Log. B. 7- 6465 

Change in 9 days 2041" Log.... 3.3098 . 3.3098 

Latitude. 57° O' Tang. 0.1900 Polar disL 107° 3'... Co-tang. 9.4867 


First part.-f 18.19s. Log.... 1.2597 Second part + 2.77s. Log. ... 0.4430 

Second part.4- 2.77 - - 

Eq. of equal parts -f 20.96 additive, because both parts are so. 


But if we suppose the above latitude to be South, then the first part would 
be subtractive. Decause the declination is increasing, and would be of the same 
name with the latitude; the second part would be additive, because the sun's 
declination is increasing: consequently the difference of the two parts = 15.42s. 
would then be the equation of equal altitudes, and subtractive, because the 
greater part is so. 

Example II. March 20, 1835, in latitude 20° 33'S., suppose the interval 
between two sets of equal altitudes of the sun be 8h. 18m., required the equa¬ 
tion of equal altitudes. 

Sun’.ded.Mar. 19, byN.A. 0° 43' 15" S. Sun’. decL March 20 . 0° 20'S. 

Ditto Mar. 21 . 0 4 8 N. 90 


Change of dedin. in 2 day. 0 47 23 =2843" Sun*, polar distance, 


89 40 
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interval .. 8h. 18m. Log.A. 7.8138 .. Log. R 7.4818 

ChangeinBday* 2843" Log. 3.4538 . 3.4538 

Latitude..20° 33' Tang. 9.5739 Polar dist. 89° 4(7 ... Co-tang. 7.7648 

First part . -f 6.94a. Log. 0.8415 Second part — 0.05 Log. 8.7004 

Second part. —0.05 • ■ 1 ■ ■ — 

Eq.of equal alts. -+- 6.89 additive, because the greater part is so. 

If we suppose the latitude in the above example to be North, the first part 


would be subtractive, because the declination is decreasing, and of a different 
name from the latitude; the second part would be subtractive, because the 
declination is decreasing: hence the sum of the parts, 6.99s, would be the 
equation of equal altitudes, and subtractive, because they are both so. 

TABLE LIII. 

For converting Foreign Measures into English Feet or Fathoms, 
and the contrary . 

This table will be found very useful in converting the depths of water 
expressed in foreign charts, to equivalent depths in English feet or fathoms. 
Suppose, for example, the number of feet or pieds marked on a bank in a French 
chart were 17; to find the corresponding depth in English feet, look in the 
column, marked “ French feet/* for the number nearest answering to 17: this 
will be 16.90, opposite to which, in the left column, will be found 18, the 
English feet required. Or, suppose the number of Spanish brazas answering to 
20 English fathoms, were required: in the column marked “ Spanish brazas,** 
opposite 20 in the column of English fathoms, will be found 21.58, the number 
of Spanish brazas equivalent to 20 English fathoms. 

The columns in the table were computed by the following rules: 

1. To reduce English feet to French feet, or English fathoms to French 
toises, add the log. 9.972o47 to the log. of the given number of English feet or 
fathoms, and the sum will be the log. of the corresponding French feet or toises. 

2. To reduce English fathoms to French brasses, add the leg. 0. 051516 to 
the log. of the given number of English fathoms. 

3. To reduce English fathoms or feet to Spanish brazas or feet, add the log. 
0.083074 to the log. of the English fathoms or feet. 

4. To reduce English feet to Portuguese feet, add the log. 9.966926 to the 
log. of the English feet. 

5. To reduce English fathoms to Portuguese brazas or fathoms, add the log. 
9.920818 to the Log. of the English feet. 

6. To reduce English feet to Amsterdam feet, add the log. 0.032292 to the 
kg. of the English feet. 

7 To reduce English feet to Rynland feet, add the log. 9.987514 to the kg. 
of the English feet. 

8. To reduce English feet or fathoms to Swedish feet or fathoms , add the log* 
0.011570 to the log. of the English feet. 

9. To reduce English feet to Venetian feet, add the kg. 9.943094 to the kg- 
of the English feet. 
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10. To reduce English fathoms to Venetian pas si, add the log. 0.022276 to 
the log. of the English fathoms. 

11. To reduce English feet to Russian feet, add the log. 9.940878 to the log. 
of the English feet. 

The pages not admitting of more columns, the following rules may be added: 

1. To reduce English feet or fathoms to Danish feet or fathoms, add the log. 
9.987501 to the log. of the English feet or fathoms. 

2. To reduce English fathoms to Russian sagencs or sashes, add the log. 
9.933085 to the log. of the English fathoms. 

TABLE LIV. 

For finding the exact Greenwich Time corresponding to the true 
Lunar Distance . 

If the moon 8 motion in the heavens were uniform, the true lunar distance would 
always give the corresponding Greenwich mean time by the Rule in page 270; 
but as this is not the case, when great accuracy is desired, the interval found by 
the proportional logarithms should be corrected by a number of seconds taken 
from this table, in the following manner. 

Find the difference between the prop. logs, standing opposite the two 
distances in the Almanac, which include the given true distance: with this 
difference at the top of the table, and the approximate interval in one of the 
left columns, take out the correction in seconds, which add to the approximate 
interval when the prop. logs, are decreasing, or subtract from it when increasing, 
and the result will be the true interval. 

Example I. Required the correct time at Greenwich corresponding to 
79 p 39 / 13 // , the true distance between the sun and moon, on June 3, 1335. 
(See Example I. page 274). 

The true distance at Oh. hy Page XIII. of the Naut. AL is 79° W &' its P. Log. 2898 
Ditto at Illh. ditto 81 7 28 its P. Log. 2884 


Difference. 14 

Correction in the table opposite the approximate interval 8m. Is. and under 10 Is. 

Ditto ditto and under 4 0 

Correction of approximate interval. 1 


The above correction Is. being added to the approximate interval 8m. Is., 
because the prop logs, are decreasing, the sum 8m. 2s. is the true interval: 
hence the exact Greenwich mean time is Oh. 8m. 2& 

Example II. Required the exact Greenwich time corresponding to 52° 13*19*, 
the true distance between the moon and the Star a Aquilse, on July 7th, 1835. 
(See Example VII. page 294.) 

The true distance at XII. hrs. by Page XIV. of Naut. AL is 52° IT 8 * its P. L. 3589 
Ditto at XV. hrs. ditto 51 1755 its P.L. 8648 


Difference....... 77 

Correction in the table opp. the approximate interval Oh. 54m. and under 70 is 18s. 

Ditto ditto and under 7 is 2 

Correction of the approximate intenpir 20 

* F 
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The correction 20s. bemgsubtractedfrom the approximate interval Oh. 53m. 59s., 
because the prop. logs, are increasing , the remainder Oh. 53m. 39s. is the true 
interval: ana hence the exact Greenwich mean time is 12h. 53m. 39s. 

The omission of this correction in the above Example would produce an 
error of 5 miles in the longitude. But this is an extreme case. 

TABLE LV. 

To reduce the Moon*s Horizontal Parallax, or Semidiameter, to any Time 
under the Meridian of Greenwich . 

This table contains the proportional parts to be applied to the moon's 
horizontal parallax and semidiameter, (given in the Nautical Almanac for noon 
and midnight), in order to reduce them to the time of observation : it is to be 
entered with the Greenwich time after noon or midnight at the top, and the 
difference in 12 hours in either side column. The proportional parts thus found 
are to be added to, or subtracted from, the horizontal parallax and semidiameter, 
at the preceding noon or midnight, according as they are increasing or decreasing. 

TABLE LVI. 

Latitudes and Longitudes .• 

This table contains the latitudes and longitudes, from the meridian of Green¬ 
wich, of the principal ports, harbours, capes, shoals, rocks, &c. in the world. 
It is divided into sections, and arranged according to the country, sea, or 
coast, to which they belong. The manner of finding any required place, sup¬ 
posing its situation nearly known, is so obvious, that it needs no further 
explanation. 

The variation of the compass, as it stands at the present time, is occasionally 
inserted for the information of such persons as may not have an opportunity of 
finding it by observation. 


TABLE LVII. 

Times of High Water . 

This table contains the times of high water on the full and change of the 
moon, at the principal ports, and along the coasts, particularly of Great Britain 
and Ireland, with tne vertical rise of the tide in feet at spring tides; the names 
of the places being alphabetically arranged. 


* The Author, impressed with the importance of this table, has used every exertion to 
render it as complete and correct as possible, by consulting the works of the best Navigators 
and Astronomers, at the same time comparing them with the most accurate charts and surveys, 
and by procuring the assistance of his nautical friends, from whom it has received consider¬ 
able improvements : he therefore flatters himself the present table may be esteemed not only 
one of tne most extensive, but likewise the most correct, of any hitherto published. Consctoos, 
however, that errors must exist in a table which depends on observation (although he trusts 
they are few and inconsiderable), he takes this opportunity of earnestly requesting the intel¬ 
ligent mariner to communicate to him any he may discover ; for it is only by the accumulated 
knowledge of such men, that we can hope to approach perfection on hydrographical subjects. 
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TABLE I. 

Difference of Latitude and Departure for j Point. 


Lat. I Dcp. IIDist.l 


01.0 00.1 
02.0 00.3 
03.0 00.4 
01.0 00.0 
01.9 00.7 
05.9 00.9 
0G.9 01.0 
07.9 01.2 
08.9 01.3 
09.9 01.5 


31 30.7 

32 31.7 

33 32.0 
31 33.0 

35 31.0 

36 35.0 

37 3G.0 

38 37.0 

39 38.0 

40 39.0 

41 40.G 

42 41.6 

43 42.5 

44 43.5 

45 41.5 
16 45.5 

47 46.5 

48 47.5 

49 48.5 

50 49.5 

51 ~5(L5" 

52 51.4 

53 52.4 

54 53.4 

55 54.4 

56 55.4 

57 5G.4 

58 57.4 

59 58.4 
00 59.1 

Di»t. Dcp. 


61 GO.3 
02 G1.3 
03 02.3 

64 63.3 

65 64.3 
00 65.3 
07 00.3 

68 67.3 

69 08.3 

70 09.2 

71 ~7oT2 

72 71.2 

73 72.2 

74 73.2 

75 74.2 

76 75.2 

77 70.2 

78 77.2 

79 78.1 

80 79.1 

81 80.1" 
82 81.1 

83 82.1 

84 83.1 

85 84.1 
80 85.1 

87 86.1 

88 87.1 

89 88.0 

90 89.0 

91 90.0 

92 91.0 

93 92.0 

94 93.0 

95 94.0 

96 95.0 

97 96.0 

98 90.9 

99 97.9 
100 98.9 


Dist. Lat. 

~12T 119.7 " 

122 120.7 

123 121.7 

124 122.7 

125 123.7 
120 124.6 

127 125.0 

128 120.0 

129 127.6 

130 128.6 

131 rij.iT 

132 130.0 

133 131. G 

134 132.6 

135 133.5 

136 134.5 

137 135.5 

138 130.5 

139 137.5 
140138.5 
1411139.5" 

142 140-5 

143 141.5 

144 142.4 

145 143.4 

140 144.4 

147 145.4 

148 140.4 

149 147.4 

150 148.4 
~15T 1~49.4 

152 150.4 

153 151.3 

154 152.3 

155 153.3 
150 154.3 

157 155.3 

158 156.3 

159 157.3 

100 158.3 

101 159.3 

102 100.3 

163 161.2 

164 162.2 

165 103.2 
100 101.2 
107 105.2 
168 106.2 
109 167.2 
170 168.2 

Tn 109.2 

172 170.1 

173 171.1 
171172.1 
175 173.1 
170 174.1 

177 175.1 

178 170.1 

179 177.1 

180 178.1 


Dist. 

Lat. 

Dep. 

181 

179.0 

20.6 

182 

180.0 

20.7 

183 

181.0 

26.9 

184 

182.0 

27.0 

185 

183.0 

27.2 

180 

184.0 

27.3 

187 

185.0 

27.4 

188 

186.0 

27.0 

189 

187.0 

27.7 

190 

187.9 

27.9 

191 

188.9 

28.0 

192 

189.9 

28.2 

193 

190.9 

28.3 

194 

191.9 

28.5 

195 

192.9 

28.0 

190 

193.9 

28.8 

197 

194.9 

28.9 

198 

195.9 

29.1 

199 

196.8 

29.2 

200 

197.8 

29.4 

201 

198.8 

29.5 

202 

199.8 

29.0 

203 

200.8 

29.8 

204 

201.8 

29.9 

205 

202.8 

30.1 

200 

203.8 

30.2 

207 

204.8 

30.4 

208 

205.8 

30.5 

209 

200.7 

30.7 

210 

207.7 

30.8 

211 

208.7 

31.0 

212 

209.7 

31.1 

213 

210.7 

31.3 

214 

211.7 

31.4 

215 

212.7 

31.0 

216 

213.7 

31.7 

217 

214.7 

31.8 

218 

215.6 

32.0 

219 

216.6 

32.1 

220 

217.0 

32.3 

221 

218.0 

32.1 

222 

219.6 

32.0 

223 

220.6 

32.7 

224 

221.6 

32.9 

225 

222.6 

33.0 

220 

223.6 

33.2 

227 

224.5 

33.3 

228 

225.5 

33.5 

229 

22G.5 

33.0 

' 230 

227.5 

33.6 

231 

228.5 

33.9 

232 

229.5 

31.0 

233 

230.5 

34.2 

234 

231.5 

34.3 

235 

232.5 

31.5 

236 

233.4 

34.6 

237 

|234.4 

34.8 

238 

235.4 

31.9 

239 

230.4 

35.1 

210 

237.4 

35.2 

Dun. 

Dcp. 

Lat. 


Dist Lat. 


241 238.4 

242 239.4 

243 240.4 

244 241.4 

245 242.4 

246 243.3 

247 244.3 

248 245.3 

249 240.3 

250 247.3 

251 248.3~ 

252 249.3 

253 250.3 

254 251.3 

255 252.2 
250 253.2 

257 254.2 

258 255.2 

259 250.2 

260 257.2 
261258.2' 
262 259.2 

203 260.2 

204 201.1 

205 262.1 
200 203.1 
207 204.1 

268 265.1 

269 260.1 

270 267.1 

271 208.1 

272 269.1 

273 270.0 

274 271.0 

275 272.0 

276 273.0 

277 274.0 

278 275.0 

279 276.0 

280 277.0 


00.0 101 99.9 

06.2 102 100.9 
0G.3 103 101.9 

06.5 104 102.9 

06.0 105 103.9 
06.8 100104.9 

00.9 107 105.8 
07.0 108 106.8 
07.2 109 107.8 
07.3 110 108.8 

07.5 ~TTTlooTs~ 

07.0 112 110.8 
07.8 113 111.8 
07.9 114119.8 
08.1 115 113.8 

08.2 110114.7 
08.4 117 115.7 

08.5 118UG.7 

08.7 119117.7 

08.8 120 118.7 

Lat. Dist. Dep. 


281 278.0 

282 279.0 

283 279.9 

284 280.9 

285 281.9 
280 282.9 

287 283.9 

288 284.9 

289 285.9 

290 2S0.9 

291 287.9" 

292 288.8 

293 289.8 

294 290.8 

295 291.8 
290 292.8 

297 293.8 

298 294.8 

299 295 .8 

300 296.8 


For 7 \ Points. 
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TABLE 1. 

Difference of Latitude and Departure for 3 J Points. 
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14 TABLE I. 

Difference of Latitude and Departure for 31 Point*. 

Dut.1 Lat. jL)ep. i|L)uLi Lat. I JDep. IiDuLi Lai. I Dep. IlDiatl Lai. | Dep. Dist.l Lat. I Dep 


9 07.0 
10 07.7 


kI 


32 

24.7 

2 

33 

25.5 

2 

M 

26.3 

2 

35 

27.1 

2 

36 

27.8 

2 

37 

28.6 

2 

38 

29.4 

2 

3 9 

30.1 

2 

to 

30.9 

2 

ill 

31.7 

2 

42 

32.5 

2 

48 

33.2 

2 

14 

34.0 

2 

48 

34.8 

2 

46 

35.6 

2 

47 

36.3 

2 

-IK 

37.1 

3 

49 

37.9 

3 

50 

39.6 

3 

51 

39.4 


52 

40.2 

3 

53 

41.0 

3 

54 

41.7 

3 

55 

42.5 

3 

56 

43.3 

3 

57 

44.1 

3 

58 

44.8 

3 

59 

45.6 

3 

60 

46.4 

3 


66 50.2 
G6 51.0 

67 51.8 


m 


ist.j Dep. | Lat. ||Dtst.| Dep. | Lat. ||Diat| Dep. | Lat. 

































































































































































































































































































































































































































































































































































































































































































TABLE II. 

Difference of Latitude and Departure for 3 Degrees, 
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21l 20.9 
22, 21.9 

23 22.9 

24 23.9 

25 24.9 
2G 25.9 

27 26.9 

28 27.9 

29 28.9 

30 29.9 

31 30.9 

32 31.9 

33 32.9 

34 33.9 

35 34.9 

36 35.9 

37 36.9 

38 37.9 

39 38.9 

40 39.8 

41 40.8 

42 41.8 

li* 12.8 

44 43.8 

45 44.8 

46 45.8 

47 46.8 

48 47.8 

49 48.8 

50 49.8 

51 50.8 

52 51.8 

53 52.8 

54 53.8 

55 54.8 

56 55.8 

57 56.8 

58 57.8 

59 58.8 

60 59.6 

Jiat. Dep. 


181 180.3 

182 181.3 

183 182.3 

184 183.3 

185 184.3 

186 185.3 

187 186.3 

188 187.3 

189 188.3 

190 189.3 


92 191.3 

93 192.3 

94 193.3 
94. Si 


201 200.2 
202 201.2 

203 202.2 

204 203.2 


206 205.2 

207 206.2 

208 207.2 

209 208.2 

210 209.2 


211210.2 

212211.2 

213 212.2 

214 213.2 

215 214.2 

216215.2 
217 216.2 

218217.2 

219 218.2 

220 219.2 


241 240.1 

242 241.1 

243 242.1 

244 243.1 

245 244.1 

246 245.1 

247 246.1 

248 247.1 

249 248.1 

250 249.0 



17.5 261 260.0 

17.6 1 262 261.0 
17.7| 263 262.0 
17.8 264 263.0 


18.0 266 265.0 
18.0! 267 266.0 
18.11 268 267.0 

18.2 269268.0 

18.3 270 269.0 

18.4 271 270.0 

18.5 272271.0 

18.6 273 272.0 

18.7 274 273.0 

18.7 275 274.0 

18.8 276 274.9 

18.9 277 275.9 
19.0 278 276.9 

19.1 279277.9 

19.2 280 278.9 


















































































































































































































TABLE II. 23 

Difference of Latitude and Departure for 7 Degrees, 
j Lat. | Dep. ljDist.1 Lai. I Dep. IjDisl.l Lat. | Dep. i|Dist.| Lat. I Dep. IlDisl.l Lat. I Dep. 
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TABLE II. 

Difference of Latitude and Departure for 10 Degrees. 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE II. 

Difference of Latitude and Departure for 16 Degrees. 


Dist. 

Lat. 

Dep. 

Dist. 

Lat. 

Dep. 

Dist. 

Lat. 

Dtp. 

Dist. 

Lat 

Dep. 

Dist. 

Lat. 

Dep. 

1 

01 

0 

00.3 

~~o7 

58.6 

16 

8 

121 

116.3 

33.4 

181 

174.0 

49 

.9 

241 

231 

.7 

66 

4 

2 

01 

9 

00.6 

62 

69.6 

17 

1 

122 

117.3 

33.6 

182 

174.9 

50 

.2 

212 

232 

.6 

66 

7 

3 

02 

9 

00.8 

63 

60.6 

17 

1 

123 

118.2 

33.9 

183 

175.9 

50 

.4 

243 

233 

.6 

67 

0 

4 

03 

8 

01.1 

64 

61.5 

17 

6 

124 

119.2 

34.2 

184 

176.9 

50 

.7 

244 

234 

.5 

67 

3 

5 

04 

.8 

01.1 

65 

62.5 

17 

9 

125 

120.2 

34.5 

185 

177.8 

51 

.0 

245 

235 

.5 

67 

.5 

6 

05 

.8 

01.7 

66 

63.4 

18 

2 

126 

121.1 

34.7 

1S6 

178.8 

51 

3 

246 

236 

* 

67 

.8 

7 

06 

7 

01.9 

67 

64.4 

18 

5 

127 

122.1 

35.0 

187 

179.8 

51 

.5 

247 

237 

4 

68 

1 

8 

07 

7 

02.2 

68 

65.4 

18 

7 

128 

123.0 

35.3 

188 

180.7 

51 

.8 

248 

238 

4 

68 

4 

9 

08 

7 

02.5 

69 

66.3 

19 

0 

129 

124.0 

35.6 

189 

181.7 

52 

1 

249 

239 

4 

68 

6 

10 

09 

6 

02.8 

70 

67.3 

19 

3 

130 

125.0 

35.8 

190 

182.6 

52 

4 

250 

240 

3 

68 

9 

~”77 

“nr 

Aj 

03.0 

71 

68.2 

19 


131 

125.9 

36.1 

191 

183.6 

52 

6 

251 

211 

3 

69 

.2 

12 

11 

.5 

03.3 

72 

69.2 

19. 

.8 

132 

126.9 

36.4 

192 

184.6 

52 

.9 

252 

242. 

.2 

69 

.5 

13 

12 

.5 

03.6 

73 

70.2 

20, 

.1 

133 

127.8 

36.7 

193 

185.5 

53 

.2 

253 

243. 

2 

69, 

.7 

14 

13 

.5 

03.9 

74 

71.1 

20 

.4 

134 

128.8 

36.9 

194 

186.5 

53, 

.5 

254 

244. 

2 

70 

.0 

15 

14 

.4 

04.1 

75 

72.1 

20. 

.7 

135 

129.8 

37.2 

195 

187.4 

53, 

.7 

255 

245. 

,1 

70 

.3 

16 

15. 

.4 

01.4 

76 

73.1 

20 

.9 

136 

130.7 

37.5 

196 

188.4 

54 

.0 

256 

246. 

.1 

70 

.6 

17 

16. 

.3 

04.7 

77 

74.0 

21, 

.2 

137 

131.7 

37.8 

197 

189.4 

54, 

.3 

257 

247. 

0 

70. 

.8 

IK 

17. 

.3 

05.0 

78 

75.0 

21. 

.5 

138 

132.7 

38.0 

198 

190.3 

54 

.6 

258 

248, 

.0 

71 . 

1 

19 

18 

.3 

05.2 

79 

75.9 

21. 

.8 

139 

133.6 

38.3 

199 

191.3 

54, 

.9 

259 

140, 

.0 

71. 

4 

20 

19. 

.2 

05.5 

80 

76.9 

22. 

.1 

140 

134.6 

38.6 

200 

192.3 

55 

.1 

260 

249, 

.9 

71. 

,7 












































































































































































































































34 TABLE II. 

Difference of Latitude and Departure for 18 Degrees. 

Distj Lat. I Dep. IlDist.l Lat. | I>ep. |[Dist.| Lat. I I>ep. iiLhst.i Lat. | Dep. IlDistl LaL jDep. 


1 


27.6 
85.6| 27.8 


135 128.4 
13C 129.3 

137 130.3 

138 131.2 
139132.2 


205 

266 


i 

1.9 

2.2 

267 

253.9 

82. > 

268 

254.9 

82.8 

269 

255.8 

83.1 

270 

256.8 

83.4 

271 

257.7 

83.7 

272 

258.7 

84.1 

273 

259.6 

81.4 

274 

260.6 

84.7 

275 

261.5 

85.0 

276 

262.5 

85.3 

277 

263.4 

85.6 

278 

264.4 

85.9 

279 

265.3 

86.2 

280 

266.3 

86.5 


For 72 Degrees. 














































































































































































































































































































































































































































































































































































For 08 Degree*. 



































































































































































































































































































































































































TABLE II. 

Difference of Latitude and Departure for 85 Degree#. 













































































































































For 64 Degrees. 
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For 68 Degrees. 
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TABLE II. 

Difference of Latitude and Departure for 37 Degree*. 


















































































































































































































































































































































































































































































































































































































































































































































































































































For 47 Degrees. 
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TABLE III. ( 

MERIDIONAL PARTS. 

m 115*1 16 * 117* 1 18 * I 19 * I 20* 1 21 * I 22* 1 28 * I 24 ’ 25* | 26 * I m 


0 910 

1 912 

2 913 

3 914 

4 915 

6 916 

6 917 

7 918 

8 919 
_9^ 920 

10 ~921" 

11 922 

12 923 

13 924 

14 925 

15 926 

16 927 

17 928 

18 929 

10 930 

20 931 

21 932 

22 933 

23 934 

I 24 935 

25 936 

26 937 

27 938 

28 939 

29 941 

30 942" 

31 943 

32 944 

33 945 

34 946 

35 947 

36 948 

37 949 

38 950 

39 951 

40 952“ 

41 953 

42 954 

43 955 

44 956 

45 957 

46 958 

47 959 

48 960 

49 961 

50 ~962 

51 963 

52 964 

53 965 

54 966 

55 968 

56 969 

57 970 

58 971 

59 972 

M 15 * 


1616 0 
1618 1 

1619 2 

1620 3 

1621 4 

1622 5 

1623 6 

1624 7 

1625 8 

1626 9 

1628 10 

1629 11 

1630 12 

1631 13 

1632 14 

1633 15 

1634 16 

1635 17 

1637 18 

1638 19 

1639 "20 

1640 21 

1641 22 

1642 23 

1643 24 

1644 25 

1645 26 

1647 27 

1648 28 

1649 29 

1650 30 

1651 31 

1652 32 

1653 33 

1654 34 

1656 35 

1657 36 

1658 37 
1650 38 

1660 39 

1661 40 

1662 41 

1663 42 

1664 43 

1666 44 

1667 45 

1668 46 

1669 47 

1670 48 

1671 49 

1672 50 

1673 51 

1675 52 

1676 53 

1677 54 

1678 55 

1679 56 

1680 57 

1681 58 

1682 59 
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TABLE m. 

MERIDIONAL PARTE. 























































































































TABLE III. 

MERIDIONAL PARTS. 


G 


M 

30* 

40* 

41* 

42° 

43" 

44° 

45- 

46" 

47" 

48" 

40" 

50" 

M 

0 

2545 

2623 

2702 

2782 

2863 

2946 

3030 

3116 

3203 

3292 

3382 

3474 

0 

1 

254G 

2624 

2703 

2783 

2861 

2947 

3031 

3117 

3204 

3203 

3384 

3476 

1 

2 

2518 

2625 

2701 

2784 

2866 

2949 

3033 

3118 

3206 

3295 

3385 

3478 

2 

3 

2549 

2627 

2706 

2786 

2867 

2950 

3034 

3120 

3207 

3296 

3387 

3479 

3 

4 

2550 

2628 

2707 

2787 

2869 

2951 

3036 

3121 

3209 

3298 

3388 

3181 

4 

5 

2551 

2629 

2708 

2788 

2870 

2953 

3037 

3123 

3210 

3299 

3390 

3182 

5 

G 

2553 

2631 

2710 

2790 

2871 

2954 

3038 

3121 

3212 

3301 

3391 

3481 

6 

7 

2554 

2632 

2711 

2791 

2873 

2956 

3040 

3126 

3213 

3302 

3393 

3485 

7 

8 

2555 

2633 

2712 

2792 

2874 

2957 

3041 

3127 

3214 

3303 

3394 

3487 

8 


2557 

2634 

2714 

2794 

2875 

2958 

3043 

3129 

3216 

3305 

3396 

3488 

9 

10 

2558 

2636 

2715 

2795 

2877 

2960 

3044 

3130 

3217 

3306 

3397 

3490 

10 

ll 

2559 

2637 

2716 

2797 

2878 

2961 

3016 

3131 

3219 

3308 

3399 

3192 

11 

12 

25G0 

2638 

2718 

2798 

2880 

2963 

3017 

3133 

3220 

3309 

3)00 

3193 

12 

13 

2562 

2640 

2719 

2799 

2881 

2964 

3018 

3134 

3222 

3311 

3102 

3495 

13 

14 

2563 

2641 

2720 

2801 

2882 

2965 

3050 

3136 

3223 

3312 

3403 

3496 

14 

15 

2564 

2612 

2722 

2802 

2881 

2907 

3051 

3137 

3225 

3314 

3105 

3198 

15 

10 

2566 

2644 

2723 

2803 

2885 

2968 

3053 

3139 

3226 

33)6 

3407 

3499 

16 

17 

2567 

2645 

2724 

2805 

2886 

2970 

3054 

3140 

3228 

3317 

3408 

3501 

17 

18 

2568 

2646 

2726 

2806 

2888 

2971 

3055 

3142 

3229 

3319 

3410 

3503 

18 

19 

2569 

2648 

2727 

2807 

2889 

2972 

3057 

3143 

3231 

3320 

3411 

3504 

19 

20 

2571 

2649 

2728 

2809 

2891 

2974 

3058 

3144 

3232 

3322 

3413 

3506 

20 

21 

2572 

2650 

2729 

2810 

2892 

2975 

3060 

3146 

3234 

3323 

3414 

3507 

21 

22 

2573 

2651 

2731 

2811 

2893 

2976 

3061 

3117 

3235 

3325 

3416 

3509 

22 

23 

2575 

2653 

2732 

2813 

2895 

2978 

3063 

3119 

3237 

3326 

3417 

3510 

23 

24 

2576 

265 1 

2733 

2814 

2896 

2979 

3061 

3150 

3238 

3328 

3419 

3512 

24 

25 

2577 

2655 

2735 

2815 

2897 

2981 

3065 

3152 

3240 

3329 

3420 

3514 

25 

20 

2578 

2657 

2736 

2817 

2899 

2982 

3067 

3153 

3241 

3331 

3122 

3515 

26 

27 

2580 

2658 

2737 

2818 

2900 

2983 

3068 

3155 

3212 

3332 

3423 

3517 

27 

28 

2581 

2659 

2739 

2820 

2902 

2965 

3070 

3156 

3244 

3334 

3425 

3518 

28 

29 

2582 

2661 

2740 

2821 

2903 

2986 

3071 

3157 

3245 

3335 

3427 

3520 

29 

30 

2581 

2662 

2742 

2822 

2904 

2988: 

~3073 

3159 

wVtvi 

3337 

3428 

3521 

wTl 

31 

2585 

2663 

2743 

2824 


2989 

3071 

3160 


3338 

3430 

3523 

31 

32 

2586 

2665 

2744 

2825 

wm 


3075 

3162 

3250 

3340 

3431 

3525 

32 

33 

2588 

2666 

2746 

2826 


2992 

3077 

3163 

3251 

3341 

3433 

3526 

33 

31 

2589 

2667 

2747 

2828 

2910 

2993 

3078 

3165 

3253 

3343 

3134 

3528 

34 

35 


2669 

2748 

2829 

2911 

2995 

3080 

3166 

3254 

3344 

3436 

3529 

35 

3G 


2670 

2750 

2830 

2913 

2996 

3081 

3168 

3256 

3346 

3137 

3531 

36 

37 

2593 

2671 

2751 

2832 

2914 

2998 

3083 

3169 

3257 

3347 

3439 

3532 

37 

38 

2594 

2673 

2752 

2833 

2915 

2999 

3084 

3171 


3349 

3410 

3531 

38 

39 

2595 

2674 

2754 

2 S3 1 

2917 


3085 

3172 


3350 

3442 

3536 

39 

IF 

2597 

2675 

2755 

2830 

2918 

3002 

3087 

3173 

3262 

3352 

3143 

3537 

40 

41 

2598 

2676 

2756 

2837 

2919 

3003 

3088 

3175 

3263 

3353 

3445 

3539 

41 

42 

2599 

2678 

2758 

2839 

2921 

3005 

3090 

3176 

3265 

3355 

3447 

3540 

42 

13 

2601 

2679 

2759 

2810 

2922 

3006 

3091 

3178 

32G6 

3356 

3448 

3542 

43 

H 

2602 

2680 

2760 

2841 

2921 

3007 

3093 

3179 

3268 

335S 

3450 

3543 

44 

45 

2603 

2692 

2762 

2843 

2925 

3009 

3091 

3181 

3269 

3359 

3451 

3515 

45 

40 

2604 

2683 

2763 

2841 

2926 

3010 

3095 

3182 

3271 

3361 

3453 

3547 

46 

47 

2606 

2684 

2764 

2845 

2928 

3012 

3097 

3184 

3272 

3362 

3454 

3548 

47 

48 

2607 

2686 

2766 

2847 

2929 

3013 

1 3098 

3185 

3274 

3361 

3456 

3550 

48 

49 

2608 

2687 

2767 

2848 

2931 

3014 

3100 

3187 

3275 

3365 

3457 

3551 

49 

50 

2610 

2688 

2768 

2849 

2932 

3016 

3101 

3188 

3277 

3367 

3459 

3553 

50 

51 

2611 

2690 

2770 

2851 

2933 

3017 

3103 

3190 

3278 

3368 

3160 

3555 

51 

52 

2612 

2691 

2771 

2852 

2935 

3019 

3104 

3191 

3280 

3370 

3462 

3556 

52 

53 

2614 

2692 

2772 

2851 

2936 

3020 

3105 

3192 

3281 

3371 

3464 

3558 

53 

54 

2615 

2694 

2774 

2855 

2937 

3021 

3107 

3194 

3283 

3373 

3465 

•559 

54 

55 

2616 

2695 

2775 

2856 

2939 

3023 

3108 

3195 

3284 

3374 

3467 

3561 

55 

56 

2617 

2696 

2776 

2858 

2940 

3024 

3110 

3197 

3286 

3376 

3468 

3562 

56 

57 

2619 

2698 

2778 

2859 

2942 

3026 

3111 

3198 

3287 

3378 

3470 

3564 

57 

58 

2620 

2099 

2779 

2860 

2943 

3027 

3113 

3200 

3289 

3379 

3171 

3566 

58 

59 

2621 

2700 

2780 

2862 

2944 

3029 

3114 

3201 

3290 

3381 

3473 

3567 

59 

M 

39* 

40° 

41° 

42 r 

43" 

44" 

45" 

46’ 

47" 

48" 

49’ 

50" 

M 




























































TABLE III. 

MERIDIONAL PARTS. 

[ 51 - 1 52 - 1 63 - 1 64 * I 55 ’ I 56 - 1 67 * I 68 * I 59 - 1 60 - 1 61 - 162 - 1 M 


4G70 4796 10 
4072 4798 11 
4674 4801 12 
4676 4803 13 
467 8 4805 14 
4680 4807 15 
4682 4809 16 
4684 4811 17 
4687 4814 18 
4689 4816 19 
4691 4818 “SO" 

4693 4820 21 
4695 4822 22 
4697 4824 23 
4699 4826 24 
4701 4829 25 

4703 4831 26 
4705 4833 27 
4707 4835 28 
4710 4837 29 
4712 4839 “so" 
4714 4842 31 
4716 4844 32 
4718 4846 33 
4720 4848 34 
4722 4850 35 
4724 4852 36 
4726 4855 37 
4728 4857 38 
4731 4859 39 
4733 ~4861 ~4tT 
4735 4863 41 
4737 4865 42 
4739 4868 43 
4741 4870 44 
4743 4872 45 
4745 4874 46 
4747 4876 47 
4750 4879 48 
4752' 4881 49 
4754 4883 5(T 
4756 4885 51 
4758 4887 52 
4760 4890 53 
4762 4892 51 
4764 4894 55 
4766 4896 56 
4769 4898 57 
4771 490! 58 
4773 4903 59 

61 - 62 * IT 








6850 30 

6860 31 

6861 32 
6868 33 
6871 31 
6875 35 
6879 36 
6883 37 
6886 38 
6890 39 
6894 40~ 
6898 41 
6901 42 
6905 43 

6909 44 
6913 45 
6917 46 
6920 47 
6924 48 
6928 49 
6932 50 
6936 51 

6910 62 
6943 53 
6917 54 
6951 55 
6955 56 
6959 57 
6963 58 
6966 59 

W7T 































































68 


TABLE III. 

MERIDIONAL PARTS. 


M 

75° 

76“ 

77° 

78° 

79° 

80° 

81“ 

82° 

83“ 

84° 

85° 

80° 

M 

0 

0970 

7210 

7407 

7745 

8046 

8375 

8739 

9145 

9006 

10137 

10765 

11533 

0 

1 

G974 

7214 

7472 

7749 

8051 

8381 

8745 

9153 

9614 

10147 

10776 

11517 

1 

2 

6978 

7218 

7476 

7754 

805G 

8387 

8752 

9100 

9622 

10156 

10788 

11561 

2 

3 

0982 

7222 

7481 

7759 

8061 

8393 

8758 

9167 

9631 

10166 

10799 

11576 

3 

4 

0980 

7227 

7485 

7764 

8067 

8398 

8765 

9174 

9639 

10175 

10811 

11590 

4 

5 

0990 

7231 

7490 

7769 

8072 

8404 

8771 

9182 

9617 

10185 

10823 

11605 

5 

6 

0991 

7235 

7494 

7774 

8077 

8410 

8778 

9189 

9655 

10195 

10834 

11620 

0 

7 

G997 

7239 

7498 

7778 

8083 

8416 

8784 

9190 

9064 

10205 

10846 

11634 

7 

8 

7001 

7243 

7503 

7783 

8088 

8422 

8791 

9203 

9672 

10214 

10658 

11649 

8 

9 

7005 

7247 

7507 

7788 

8093 

8427 

8797 

9211 

9680 

10224 

10870 

11664 

9 

10 

7009 

7252 

7512 

7793 

8099 

8433 

8804 

9218 

9689 

10234 

10881 

11G79 

10 

11 

7013 

7250 

7510 

7798 

8104 

8439 

8810 

9225 

9697 

10244 

10N93 

11694 

11 

12 

7017 

7200 

7521 

7803 

8109 

ai45 

8817 

9233 

9706 

10254 

10905 

11709 

12 

13 

7021 

7204 

7525 

7808 

81 15 

8451 

8823 

9240 

9714 

10264 

10917 

11721 

13 

14 

7025 

7268 

7530 

7813 

8120 

8457 

8830 

9248 

9723 

10274 

10929 

11739 

14 

15 

7029 

7273 

7535 

7817 

8125 

8463 

8836 

9255 

9731 

10284 

10911 

11755 

15 

10 

7033 

7277 

7539 

7822 

8131 

8469 

8843 

9202 

9740 

10294 

10953 

11770 

16 

17 

7037 

7281 

7544 

7827 

8136 

8474 

8849 

9270 

9748 

10304 

10965 

11785 

17 

18 

7041 

7285 

7548 

7832 

8141 

8480 

8856 

9277 

9757 

10314 

10978 

11801 

18 

19 

7045 

7289 

7553 

7837 

8147 

8486 

8863 

9285 

9765 

10324 

10990 

11816 

19 

20 

7048 

7294 

7557 

7842 

8162 

8492 

8869 

9292 

9774 

10334 

11002 

11832 

20 

21 

7052 

7298 

7502 

7847 

8158 

8498 

8876 

9300 

9783 

10344 

11014 

11848 

21 

22 

7050 

7302 

7566 

7852 

8163 

8504 

8883 

9307 

9791 

10354 

11027 

11863 

22 

23 

7000 

7300 

7571 

7857 

8168 

8510 

8889 

9315 

9800 

10364 

11039 

11879 

23 

24 

7064 

7311 

7576 

7862 

8174 

8516 

8896 

9322 

9809 

10374 

1 1052 

11895 

24 

25 

7008 

7315 

7580 

7867 

8179 

8522 

8903 

9330 

9817 

10385 

11004 

11911 

25 

20 

7072 

7319 

7585 

7872 

8185 

8528 

8909 

9337 

9826 

10395 

11077 

11927 

26 

27 

7070 

7323 

7589 

7877 

8190 

8534 

8916 

9315 

9835 

(0405 

11089 

11943 

27 

28 

7080 

7328 

7594 

7882 

8190 

8540 

8923 

9353 

9844 

10116 

11102 

11959 

28 

29 

7084 

7332 

7599 

7887 

8201 

8546 

8930 

9300 

9852 

10426 

11115 

11976 

29 

30 

7088 

7336 

7603 

7892 

8207 

8552 

8936 

9308 

9801 

10437 

11127 

11992 

30 

31 

7092 

7341 

7608 

7897 

8212 

8558 

8943 

9370 

9870 

10447 

11140 

12008 

31 

32 

7090 

7345 

7612 

7902 

8218 

8565 

8950 

9383 

9879 

10457 

11153 

12025 

32 

33 

7100 

7349 

7617 

7907 

8223 

8571 

8957 

9391 

9888 

10468 

1UGG 

12011 

33 

34 

7104 

7353 

7022 

7912 

8229 

8577 

8963 

9399 

9897 

10478 

11179 

12058 

34 

35 

7108 

7358 

7620 

7917 

8234 

8583 

8970 

9107 

9906 

10489 

11192 

12075 

35 

30 

7112 

7302 

7631 

7922 

8240 

8589 

8977 

9415 

9915 

10500 

11205 

12092 

36 

37 

7110 

7300 

7630 

7927 

8245 

8595 

8984 

9422 

9924 

10510 

11218 

12109 

37 

38 

7120 

7371 

7610 

7932 

8251 

8601 

8991 

9430 

9933 

10521 

11231 

12126 

38 

39 

7124 

7375 

7645 

7937 

8250 

8607 

8998 

9437 

9942 

10532 

11244 

12143 

39 

~40~ 

7128 

7379 

7650 

7942 

8262 

8614 

9005 

9445 

9951 

10512 

11257 

12160 

40 

41 

7132 

7384 

7654 

7948 

8267 

8620 

9012 

9453 

9960 

10553 

11270 

12177 

41 

42 

713G 

7388 

7659 

7953 

m 

S626 

9018 

9401 

9969 

10564 

11284 

12194 

42 

43 

7140 

7392 

7664 

7958 

8279 

8632 

9025 

9409 

9978 

10575 

11297 

12212 

43 

44 

7145 

7397 

7668 

7963 

8284 

8638 

9032 

9477 

9987 

10580 

11310 

12229 

44 

45 

7149 

7401 

7673 

7968 

8290 

8644 

9039 

9485 

9996 

10597 

11324 

12247 

45 

4G 

7153 

7400 

7678 

7973 

8295 

865! 

9046 

9403 

10005 

10008 

11338 

12265 

46 

47 

7157 

7410 

7683 

7978 

8301 

8657 

9053 

9501 

10015 

10019 

11351 

12282 

47 

48 

7161 

7114 

7687 

7983 

8307 

8663 

9060 

9509 

10024 

10030 

11305 

12300 

48 

49 

7165 

7419 

7692 

7989 

8312 

8669 

9067 

9517 

10033 

10041 

11378 

12318 

49 

50 

7169 

7423 

7697 

7994 

8318 

8676 

9074 

9525 

10043 

10052 

11392 

12336 

50 

51 

7173 

7427 

7702 

7999 

8324 

8682 

9081 

9533 

10052 

10063 

11400 

12351 

51 

52 

7177 

7432 

7700 

8001 

8329 

8688 

9088 

9541 

10061 

10074 

11420 

12373 

52 

53 

7181 

7430 

7711 

8009 

8335 

8695 

9090 

9519 

10071 

10085 

11434 

12391 

53 

54 

7185 

7441 

7716 

8014 

8311 

8701 

9103 

9557 

10080 

10090 

11448 

12409 

54 

55 

7189 

7445 

7721 

8020 

8347 

8707 

9110 

9565 

10099 

10708 

11462 

12428 

55 

50 

7194 

7449 

7725 

8025 

8352 

8711 

9117 

9573 

10099 

10719 

11476 

12440 

56 

57 

7198 

7454 

7730 

8030 

8358 

8720 

9124 

9581 

10108 

10730 

11490 

12465 

57 

58 

7202 

7458 

7735 

8035 

8364 

8726 

9131 

9589 

10118 

10742 

11504 

12484 

58 

59 

7206 

7463 

7740 

8040 

8369 

8733 

9138 

9598 

10127 

10753 

11518 

12503 

59 

M 

75° 

76° 

77° 

78° 

79° 

!80° 

81“ 

82° 

83° 

8-1° 

85° 

80° 

M 
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TABLE III. 

MERIDIONAL PARTS 


M 

75° 

7(i° 

77° 

78° 

79° 

80° 

sr 

82° 

83° 

84 

85° 

86° 

M 


0 

0970 

7210 

7467 

7745 

8040 

6375 

8739 

9145 

9606 

10137 

10705 

11533 

0 


1 

0974 

7214 

7472 

7749 

8051 

8381 

8745 

9153 

9614 

10117 

10776 

11517 

1 


2 

0978 

7218 

7470 

7754 

8056 

8387 

8752 

9100 

9022 

10156 

10788 

11561 

2 


3 

0982 

7222 

7481 

7759 

8001 

8393 

8758 

9167 

9631 

10160 

10799 

11570 

3 


4 

0980 

7227 

7485 

7764 

8007 

8398 

8705 

9174 

9039 

10175 

10811 

11590 

4 


5 

0990 

7231 

7490 

7709 

8072 

8401 

8771 

9162 

9017 

10185 

10823 

11605 

5 


6 

0991 

7236 

7494 

777 1 

8077 

8410 

8778 

9189 

9055 

10195 

10834 

11620 

0 


7 

0997 

7239 

7498 

7778 

8083 

8410 

8784 

9190 

9004 

10205 

10846 

11631 

7 


8 

7001 

7243 

7503 

7783 

8088 

8422 

8791 

9203 

9072 

10214 

10858 

11649 

8 


y 

7005 

7247 

7607 

7788 

6093 

8427 

8797 

9211 

9680 

10224 

10870 

11004 

9 


10 

7009 

7252 

7512 

7793 

8099 

8433 

8804 

9218 

9089 

10234 

10881 

11079 

10 


li 

7013 

7250 

7510 

7798 

8101 

8439 

8810 

9225 

9097 

10244 

10893 

11691 

11 


12 

7017 

7200 

7521 

7803 

8109 

8445 

8817 

9233 

9706 

10254 

10905 

11709 

12 


13 

7021 

7201 

7525 

7808 

8115 

8451 

8823 

9240 

9714 

10204 

10917 

11721 

13 


14 

7025 

7268 

7530 

7813 

8120 

8457 

8830 

9248 

9723 

1027* 

10929 

11739 

14 


15 

7029 

7273 

7535 

7817 

8125 

8403 

8836 

9255 

9731 

10284 

10941 

11755 

15 


10 

7033 

7277 

7539 

7822 

8131 

8409 

8843 

9202 

97 10 

10294 

10953 

11770 

16 


17 

7037 

7281 

7544 

7827 

8130 

8474 

8849 

9270 

9748 

10304 

10905 

11785 

17 


18 

7041 

7285 

7548 

7832 

8141 

8480 

6850 

9277 

9757 

10314 

10978 

11801 

18 


19 

7045 

7289 

7553 

7837 

8147 

8486 

8803 

9285 

9765 

10324 

10990 

11816 

19 


20 

7048 

7291 

7557 

7842 

8162 

8492 

8809 

9292 

9774 

10334 

11002 

11832 

20 


21 

7052 

7298 

7502 

7847 

815s 

8498 

887G 

9300 

9763 

10344 

11014 

11848 

21 


22 

7050 

7302 

7500 

7852 

8103 

8504 

8883 

9307 

9791 

10354 

11027 

11803 

22 


23 

7000 

7300 

17671 

7857 

8108 

8510 

8889 

9315 

9800 

10364 11039 

11879 

23 


24 

7001 

7311 

7570 

7802 

8174 

8516 

8890 

9322 

9809 

10374 

11052 

11895 

24 


25 

7008 

7315 

7580 

7807 

8179 

8522 

6903 

9330 

9817 

10385 

11004 

11911 

25 


20 

7072 

7319 

7585 

7872 

8185 

8528 

8909 

9337 

9820 

10395 

11077 

11927 

20 


27 

707G 

7323 

7589 

7877 

8190 

8534 

mi 

9315 

9835 

10405 

11089 

11943 

27 


28 

7080 

7328 

7594 

7882 

8190 

8540 

8923 

9353 

9814 

10416 

11102 

11959 

28 


29 

7084 

7332 

7599 

7887 

8201 

8540 

8930 

9300 

9852 

10420 

11115 

11976 

29 


30 

7088 

7330 

[ 7003 

7892 

8207 

8552 

8930 

9306 

9801 

10437 

11127 

11992 

30 


31 

7092 

7341 

7608 

7897 

8212 

8558 

8841 

9370 

9870 

10147 

lino 

12008 

31 


32 

7090 

7345 

7012 

7902 

8218 

8565 

8950 

9363 

9879 

10457 

11153 

12025 

32 


33 

7100 

7349 

7017 

7907 

8223 

8571 

8957 

9391 

9888 

10408 

11100 

12041 

33 


34 

7104 

7353 

7022 

7912 

8229 

8577 

8963 

9399 

9897 

10478 

11179 

12058 

34 


35 

7108 

7358 

7620 

7917 

8234 

8583 

8970 

9407 

9906 

10469 

11192 

12075 

35 


30 

7112 

7302 

7G31 

7922 

1 8240 

8589 

8977 

9415 

0915 

10500 

11205 

ISOM 

30 


37 

7110 

7300 

7630 

7927 

8245 

8595 

8984 

9422 

9921 

10510 

11218 

12109 

37 


38 

7120 

7371 

7010 

7932 

8251 

8601 

8991 

9430 

9933 

10521 

11231 

12126 

38 


39 

7124 

7375 

7015 

7937 

8250 

8607 

8996 

9437 

9942 

10532 

11244 

12143 

39 


40 

7128 

7379 

7650 

7942 

8202 

8014 

9005 

ll445 

9951 

10512 

11257 

12160 

40 


41 

7132 

7384 

7654 

7948 

8267 

8020 

9012 

9463 

9960 

10553 

11270 

12177 

41 


42 

7130 

7388 

7659 

7953 

8273 

8620 

9018 

9401 

9969 

10564 

11284 

12194 

42 


43 

7140 

7392 

700*1 

7958 

8279 

8032 

9025 

9409 

9978 

10575 

11297 

12212 

43 


44 

7145 

7397 

7068 

7963 

8284 

8038 

9032 

9477 

9987 

10560 

11310 

12229 

44 


45 

7149 

7401 

7073 

7968 

8290 

8641 

0080 

9485 

9990 

10597 

11324 

12247 

1 45 


40 

7153 

7400 

7078 

7973 

8295 

805! 

8046 

9493 

10005 

10608 

11338 

12205 

46 


47 

7157 

7410 

7683 

7978 

8301 

8057 

9053 

9501 

10015 

10019 

11351 

12282 

47 


48 

71G1 

7414 

7687 

7983 

8307 

8003 

woo 

9509 

10024 

10030 

11305 

12300 

48 


49 

7103 

7419 

7692 

7989 

8312 

8669 

9007 

9517 

10033 

10641 

11378 

12318 

49 


50 

7169 

7423 

7097 

7994 

8318 

8070 

9074 

9525 

10013 

10052 

11392 

12330 

1 50 


51 

7173 

7427 

7702 

7999 

8321 

8082 

9081 

9533 

10052 

10603 

11400 

12354 

51 


52 

7177 

7432 

7700 

8001 

8329 

8086 

9088 

9511 

10061 

10674 

11420 

12373 

52 


53 

7181 

7430 

7711 

8009 

8335 

8095 

9090 

9519 

10071 

10085 

11431 

12391 

53 


54 

7185 

7441 

7710 

8014 

8341 

8701 

9103 

9557 

10080 

10696 

11448 

12409 

54 


55 

7189 

7445 

7721 

8020 

8347 

8707 

9110 

9505 

10089 

10708 

11462 12428 

55 


50 

7194 

7449 

7725 

8025 

8352 

871 1 

9117 

9573 

10099 

10719 

11 170 12440 

50 


57 

7198 

7454 

7730 

8030 

8358 

8720 

9124 

9561 

10108 

10730 

11490! 12165 

57 


58 

7202 

7458 

773. 

8035 

8301 

872G 

9131 

9589 

10118 

10742 

11504 12484 

58 


59 

7206 

7463 

7740 

| 8040 

6309 

| 8733 

9138 

9598 

10127 

10753 

11518,12503 

59 


M 

75*1 

7(5° 

77* 

78° 

7<F 

80 ° 

81° 

82° 

83° 

84° 

85° 

86° 

M 
























































































































































TABLE III. 

MERIDIONAL PARTS. 

1 75° I 76° I 77° I 78° I 7B° I 80° 181° I 82° 183° 184° 185° 1 8G° I m 


9689 10234 1 
9697 10241 I 
9700 10*6 1 I 
9714 10264 I 
9723 10274 1 
9731 10284 I 
9740 10294 I 
9748 10304 I 
9757 10314 I 
9765 10324 1 


I 10334 11002 11832 
1 10344 11014 11848 
I 10354 11027 11803 
) 10304 11039 11879 
110374 11052 11895 
r 10385 } 1004 11911 
) 10395 11077 11927 
} 10405 11089 11913 
I 10416U102 11959 
i 10426 11115 11970 


l 10437 11127 11992 
) 10447 11140 12008 
) 10457 11153 12025 
$ 10468 11106 12041 
r 10478 11179 12058 
5 10489 11192 12075 
> 10500 11205 12092 
1 10510 11218 12109 

1 10521 11231 12120 

2 10532 11244 12143 
\ 10512 11257 12160 
D 10553 11270 12177 
[) 10564 1128*1 12194 
* 10575 11297 12212 
r 10580 11310 12229 
510597 11321 12247 
5 10608 11338 12265 
5 10619 11351 12282 
4 10G30 11305 12300 

3 10641 11378 12318 


8318 8670 9074 9525 10013 10052 1139212330 
8324 8682 9081 9533 10052 10003 1140012354 
8329 8088 9088 9541 10061 10674 11420 12373 
8335 8695 9090 9549 10071 10685 11434 12391 
8341 8701 9103 9557 10080 10096 1141812409 
8347 8707 9110 9565 10089 1 0708 11462 12428 
8352 871 1 9117 9573 10099 10719 11476 12440 
8358 8720 9124 9581 10108 1073011490 12465 
8361! 8720 9131 9569 101181074211504 12484 
83091 8733 9138 9598 10127 10753 11518 12503 

F!8rI ? 8FH3 5 ' 84° 85° 80° ‘ 
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TABLE III. 

(MERIDIONAL PARTS 


M 

75° 

76° 

77° 

78° 

7U° 

80° 

81° 

82° 

83° 

84° 

85° 


M 

0 

6970 

7210 

7467 

7745 

8046 

8375 

8739 

9145 

9606 

10137 

10765 

11533 

0 

1 

6974 

7214 

7472 

7749 

8051 

8381 

8745 

9153 

9614 

10147 

10776 

11517 

] 

2 

G978 

7218 

7476 

7754 

8056 

8387 

8752 

9160 

9622 

101 >6 

10788 

11561 

2 

3 

6982 

7222 

7481 

7759 

8061 

8393 

8758 

9167 

9631 

10166 

10799 

11576 

3 

4 

6986 

7227 

7485 

7764 

8067 

8396 

8765 

9174 

9639 

10175 

10811 

11590 

4 

5 

6990 

7231 

7490 

7769 

8072 

8401 

8771 

9182 

9017 

10185 

10823 

11605 

5 

G 

6991 

7235 

7494 

7774 

8077 

8410 

8778 

9189 

0665 

10195 

10831 

11620 

6 

7 

6997 

7239 

7498 

7778 

8083 

8416 

8784 

9196 

9661 

10205 

10846 

1 1634 

7 

8 

7001 

7243 

7503 

7783 

8088 

8422 

8791 

9203 

9672 

10214 

10858 

116-19 

8 

9 

7005 

7247 

7507 

7788 

8093 

8427 

8797 

9211 

9680 

10224 

10870 

11664 

9 

10 

7009 

7252 

7512 

7793 

8099 

8433 

8804 

9218 

9689 

10234 

10881 

11679 

10 

11 

7013 

7256 

7516 

7798 

8104 

8439 

8810 

9225 

9697 

10214 

10893 

11691 

11 

12 

7017 

7260 

7521 

7803 

8109 

8445 

8817 

9233 

9706 

10254 

10905 

11709 

12 

13 

7021 

7261 

7525 

7808 

8115 

8451 

8823 

9240 

9714 

10264 

10917 

11721 

13 

11 

7025 

7268 

7530 

7813 

8120 

8457 

8830 

9248 

9723 

10274 

10929 

11739 

14 

15 

7029 

7273 

7535 

7817 

8125 

8463 

8836 

9255 

9731 

10284 

1091) 

11755 

15 

10 

7033 

7277 

7539 

7822 

8131 

8469 

8843 

9262 

9740 

10294 

10953 

11770 

16 

17 

7037 

7281 

7544 

7827 

8136 

8474 

8849 

9270 

9748 

10301 

10965 

11785 

17 

18 

7041 

7285 

7548 

7832 

8141 

8480 

8856 

9277 

9757 

10314 

10978 

11801 

18 

19 

7045 

7289 

7553 

7837 

8117 

8486 

8863 

9285 

9765 

10324 

10990 

11816 

19 

20 

7048 

7294 

7557 

7842 

8162 

8492 

8869 

9801 

9774 

10334 

11002 

11832 

20 

21 

7052 

7298 

7562 

7847 

8158 

8498 

8876 

9300 

9783 

10341 

11014 

11848 

21 

22 

7056 

7302 

7566 

7852 

8163 

8504 

8883 

9307 

9791 

10351 

11027 

11863 

22 

23 

7060 

7306 

7571 

7857 

8168 

8510 

8889 

9315 

9800 

10364 

11039 

11879 

23 

24 

7064 

7311 

7576 

7862 

8171 

8516 

8896 

9322 

9809 

10374 

11052 

11895 

24 

25 

7068 

7315 

7580 

7867 

8179 

8522 

8903 

9330 

9817 

10385 

11064 

11911 

25 

2G 

7072 

73l«J 

7585 

7872 

8185 

8528 

8909 

9337 

9826 

10395 

11077 

11927 

26 

27 

7076 

7323 

7589 

7877 

8190 

8534 

8916 

9345 

9833 

10405 

11089 

11913 

27 

28 

7080 

7328 

7594 

7882 

8196 

8540 

8923 

9353 

9614 

10416 

11102 

11959 

28 

29 

7084 

7332 

7599 

7887 

8201 

8546 

8930 

9360 

9852 

10426 

11115 

11976 

29 

30 

7088 

”7336 

7603 

7892 

8207 

8552 

8936 

1 9368 

9801 

10437 

11127 

11992 

30 

»1 

7092 

7341 

7608 

7897 

8212 

8558 

8943 

9376 

9870 

10447 

11140 

12008 

31 

32 

7096 

7345 

7612 

7902 

8218 

8565 

8950 

9383 

9879 

10457 

11153 

12025 

32 

33 

7100 

7349 

7617 

7907 

8223 

8571 

8957 

9391 

9888 

10468 

11166 

12041 

33 

34 

7104 

7353 

7622 

7912 

8229 

8577 

8963 

9399 

9897 

10478 

11179 

12058 

34 

35 

7108 

7358 

7626 

7917 

8234 

8583 

8970 

9407 

1)906 

10489 

11192 

12075 

35 

3G 

7112 

7362 

7631 

7922 

8240 

8589 

8977 

9415 

9915 

10500 

11205 

12092 

36 

37 

7116 

7366 

7636 

7927 

6245 

8595 

8984 

9422 

9921 

10510 

11218 

12109 

37 

38 

7120 

7371 

7610 

7932 

8251 

8601 

8991 

9430 

9933 

10521 

11231 

12126 

38 

39 

7124 

7375 

7645 

7937 

8256 

8607 

8998 

9437 

9942 

10532 

11244 

12113 

39 

40 

7128 

7379 

7650 

7942 

8262 

8614 

9005 

9445 

9951 

10512 

11257 

12160 

40 

41 

7132 

7384 

7654 

7948 

8267 

8620 

9012 

9453 

9960 

10553 

11270 

12177 

41 

42 

7136 

7388 

7659 

7953 

8273 

8626 

9018 

9461 

9969 

10561 

1128-1 

12194 

42 

43 

7140 

7392 

7664 

7958 

8279 

8632 

9025 

9469 

9978 

10575 

11297 

12212 

43 

44 

7146 

7397 

7668 

7963 

8284 

8638 

1 9032 

9477 

9987 

10586 

11310 

12229 

44 

45 

7149 

7101 

7673 

7968 

82901 

8644 

9039 

9485 

9996 

10597 

11324 

12247 

45 

4G 

7153 

7106 

7678 

7973 

6295 

8651 

9046 

9403 

10005 

10608 

11338 

12265 

46 

47 

7157 

7410 

7683 

7978 

8301 

8657 

9053 

9501 

10015 

10619 

11351 

12282 

47 

48 

7161 

7114 

7687 

7983 

83071 

8663 

9060 

9509 

10024 

10630 

11365 

12300 

48 

49 

7163 

7419 

7692 

7989 

8312 

8669 

9067 

9517 

10033 

10641 

11378 

12318 

49 

50 

7169 

7423 

7697 

7994 

8318 

| 8676 

9074 

9525 

10013 

10652 

11392 

12336 

50 

51 

7173 

7127 

7702 

7999 

8324 

8682 

9081 

9533 

10052 

10663 

11406 

12351 

51 

52 

7177 

7432 

7706 

8001 

8329 

8688 

9088 

9541 

10061 

10674 

11420 

12373 

52 

53 

7181 

7436 

7711 

8009 

8335 

8695 

1 9096 

9549 

10071 

10685 

11434 

12391 

53 

54 

7185 

7441 

7716 

8014 

i 83411 

1 87011 

9103 

9557 

10080 

10696 

11448 

12409 

54 

55 

7189 

7415 

7721 

8020 

8347 

8707 

9110 

9565 

10089 

10708 

11462 

12128 

55 

56 

7194 

7419 

7725 

8025 

8352 

871 1 

9117 

9573 

10099 

10719 

11476 

12440 

56 

57 

7198 

7454 

7730 

8030 

8358 

8720 

9124 

9581 

10108 

10730 

11490 

12465 

57 

58 

7202 

7458 

7735 

8035 

8361 

8726 

9131 

9589 

10118 

10742 

11504 

12484 

58 

59 

7206 

7 163 

7740 

1 8040 

8369] 

8733 

9138 

9598 

10127 

10753 

11518 

12503 

59 

M 

75° 

7G° 

77° 

78° 

79°’! 

80 u | 

81° 

82° 

83° 

84° 

85° 1 

8(5° 

M 
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TABLE X. 

Sun's Declination for the Yean 1835, 1839,1843, 1847, &c. 



TABLE XI. To correct the Sun's Declination. 


When Declin. (add in W. Long. 1 
is increasing, ( sub. in £. Long. ) 


When Dedin. f sub. in W. Long.) 
is decreasing, \add in E. Long./ 



























































































































































































































































TABLE X. 75 

Sun's Declination for the Years 1837, 1841, 1845, 1849, &c. 



TABLE XII. 


To correct the Sun's Declination for the changes in periods of Four Years. 



Days. 



























































76 TABLE XIII. 

The Bight Ascensions. and Decionatione of. theJPjuzfciPAL Pxxbd 
Stars, adapted to January 1834 


Right 


Pegasus. Algemb ...... 2.3 

Cassiopeia . Schedar ...... 3 

Andromeda. Mirach . 2 

Ursa Minor. PoU Star ... 2.3 

Eridanus . Aohemar ... 1 

Aries. Ariktis .... 3 

Cetus. Menkar ...... 2.3 

Perseus. Algol . Var. 

Perseus . 2.3 

Taurus. Alder ah aw 1 



2 53 37 

2 57 23 

3 12 81 

4 26 24 


5 0 84 
5 15 48 
5 16 14 
5 23 32 
5 27 48 
5 33 88 
5 46 11 


7 24 00 
7 30 37 
7 85 9 

7 57 45 

8 4 25 
8 40 8 


9 19 26 
9 59 32 
10 51 47 


10 53 

11 40 35 
41 45 4 

12 17 26 

12 21 59 

13 16 27 
13 40 59 
13 52 11 

13 59 53 

14 8 6 


+ 3.08 14 15 38N 

+ 3.34 55 37 33N + 19.87 
+ 3.30 34 44 20N + 19.41 
4-15.90 68 25 26N + 19.36 
4- 2.24 58 4 54 8 

+ 3.35 62 40 27N + 17.46 

+ 3.13 3 26 3N + 14.57 

+ 3.85 40 18 86N + 14.31 

+ 4.23 49 15 48N 

+ 3.43 16 10 9N 


+ 3.86 

32 14 42N 

- 7.19 

+ 3.14 

5 38 41N 

- 8.71 

+ 3.68 

28 25 14N 

- 8.09 

+ 2.11 

39 32 14S 

+ 9.73 

+ 1.85 

46 51 48 

+ 10.35 

+ 1.66 

54 6 17S 

+ 12.88 

+ 0.74 

69 2 15 S 

+ 14.84 

+ 2.95 

7 56 338 

+ 15.33 

+ 3.22 

12 46 34 N 

- 17.35 

+ 3.71 

57 16 14 N 

- 19. la 



20 12 

20 35 

21 14 37 
21 57 15 

21 57 44 

22 48 28 
22 55 42 

22 56 30 

23 59 49 


+ 3.07 
+ 3.19 
+ 3.26 
+ 3.24 
+ 3.15 
+ 2.35 
+ 4.14 
+ 1.61 
+ 2.73 


+ 4.48 
+ 3.31 
+ 3.22 
+ 2.53 
+ 2.94 
+ 3.66 
+ 2.73 
+ 2.77 
+ 1.39 
+ 2.01 
+ 2.93 
+ 4.81 
+ 2.04 
+ 1.42 
+ 3.08 
+ 3.82 
+ 3.31 
+ 2.87 
+ 2.98 
+ 3.07 


38 45 N 
15 30 IN 
54 37 5N 
62 10 44 S 
56 10 41 S 
10 17 31 S 
50 8 40N 
59 34 6S 
65 10 16N 
20 3 2N 


39 2 15N 

60 8 39 S 
15 20 47S 

8 45 53S 
27 16 42N 
6 57 14N 

26 3 188 
14 35 9N 
19 41 16N 
51 30 41N 
38 38 00 N ‘ 

8 26 8N 
57 15 27S 
44 41 26N 

61 53 3N 
1 7 22S 

47 45 36S 
30 29 58 S 

27 II 2N 
14 18 51N 

28 10 27N 


- 19.22 

- 19.98 

- 20.01 
+ 20.00 
+ 19.97 
+ 1895 

- 18.14 f 
+ 17.70 

- 17.41 ! 

- 18.96 


- 16.20 
+ 15.99 
+ 15.27 
+ 13.67 

- 12.37 

- 11.78 

+ 8.53 

- 4.59 

- 2 86 

— 0.63 

+ 2.73 

+ 8.69 

— 10.96 
+ 12.61 
+ 15.04 

— 17.25 

— 17.27 

— 19.09 
+ 19.31 
+ 19.29 
+ 20.06 















































































































TABLE XIV. 

sun’s mean right ascension, 


77 



For correcting the Observed Altitude of a Fixed Star to find the 

true Altitude. 

oi*. I Height of the Eye above the Sea, in feet. Toi* 














































































































































78 TABLE XVI. 

For reducing the time of the Moon’s Passage oyer the Meridian of 
Greenwich, to the time of its Passage orer any other Meridian. 


| Daily Variation of the Moon’s passing the Meridisn. 



orer Me rid 


TABLE XVI.* 

For finding the Time of High Water. 


Moon s Semidiameter. 



8 8 8 0 9 9 10 10 10 II 

9 9 10 10 10 11 11 12 12 12 

10 11 11 12 12 12 IS IS 14 14 


12 18 
IS 14 


17 18 

19 20 20 

20 21 22 

21 22 23 

23 24 25 













































































































































TABLE XVII. 

To find the Latitude by an Altitude of the Polar Star. 


R. A. Cor. Carr. 

Marid. taK 

1835. 1845. 



TABLE XVII* 

Corrections of the Latitude deduced from the above Table—Additive. 





















































































































































































































































































































































































































































































































































































TABLE XX. 

FOR FINDING THE DISTANCE OF TERRESTRIAL OBJ ECTS AT SKA. 
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88 TABLE XXIII. 

Logarithmic bikes, tangents, and secants, to every Point end 
Quarter Point of the Compass. 


Sine. 

Co-sine. 


0.000000 

8.690796 

8.991802 

9.166620 

10.000000 

9.999477 

9.997904 

0.996274 

0.000000 

8.691819 

8.993398 

9.171247 

0.290266 

9.886671 

9.462824 

9.627488 

9.991574 

9.986786 

9.980886 

9.978841 

9.298662 

9.898785 

9.481980 

9.568647 

9.682840 

9.660992 

9.676387 

0.711060 

9.966615 

9.956163 

9.945430 

0.933660 

9.617224 

9.674829 

9.727967 

9.777700 

9.744789 

9.776027 

9.802669 

9.827084 

9.919846 

9.904828 

0.888186 

9.869790 

9.824893 

9.870199 

9.914178 

9.967296 

9.849486 

• .8494* 

10.000000 

Co-sine. 

Sine. 

Co-tang. 


Co-tang, 




10.034386 10.417160 
10.043837 10.360006 
10.054670 10.3S661S 
10.066060 10.988060 


10.955961 

10.294079 

10.107641 

10.179016 


Co-sec. I Secant. 



TABLE XXIV. 

LOGARITHMS OF NUMBERS. 


Log. 0.000000-2.000000 


No. Log. 


0.000000 
0.S010S0 
0.477121 
0.609060 
0.608970 


0.778161 

0.846008 

0.906090 

0.964246 

1.600000 


1.041696 

1.070181 

1.116946 

1.146128 

1.176091 


1.822219 
22 1.642426 
26 1.661728 
24 1.880211 
26 1.607940 


1.414978 

1.481864 

1.447168 

1.462698 

1.477121 


1.491862 

1.606160 

1.618614 

1.661479 

1.644068 



1.612784 
1.626249 
1.666468 
1.648468 
1.656218 


6 1.662768 

7 1.672098 

8 1.681241 

9 1.690196 
1.698970 


61 1.707670 

62 1.716008 
68 1.724276 
64 1.782894 
66 1.740868 


Log. JNo. Log. 


61 1.786860 

62 1.792692 

66 1.799841 

64 1.806180 

65 1.812918 


66 1.819544 

67 1.826075 

68 1.862609 
1.868849 
1.845098 


1 1.861258 

2 1.867362 

3 1.866323 

4 1.869282 

5 1.875061 


6 1.880814 

7 1.886491 

8 1.892096 

9 1.897627 
1.903090 


81 1.908486 

82 1.916814 

86 1.919078 

84 1.924279 

86 1.929419 


1.934498 

1.939619 

1.944483 

1.949390 

1.964246 


1.969041 
92 1.963788 

96 1.968486 

94 1.973128 

95 1.977724 














































































































No. 1000- 
0 I 1 


100 OOOOOOH 

101 004321 ( 

102 008600( 

103 012837 < 

104 017033( 

105 021189( 

106 0253061 

107 029384( 

108 033424( 

109 037426( 

110 041393 ( 

111 045323( 

112 049218( 

113 053078 ( 

114 056905 ( 

115 060698( 

116 064458( 

117 068186C 

118 071882C 

119 075547 ( 


TABLE XXiy. 

LOGARITHMS OP NUMBERS.. 

-1600 Log. 00000<r 

" 2 3 4 J 5 | , 6 | 7 


I 000868 001301 00173 
L 005180 005609 00603b 000466 006894 
i 009451 009876 010300 010724 011147 
) 013680 014100 014520 014940 015360 
L 017868 018284 018700 019116 019532 
1022016 022428 022841 023252 023664 

> 026124 026533 026942 027350 027757 
) 030195 030600 031004 031408 031812 

> 034227 034628 035029 035430 
» 038223 038620 039017 039414 039811 
r 042182 042575 042969 043362 04375 

l 046105 046495 046885 047275 047664 

> 049993 050380 050766 051152 051538 
t 053846 054230 054613 054996 055378 
i 057666 058046 058426|058805 059185 
>061452 061829 

i 065206 565580 065953 066326 066699 
r 068928 069298 069668 070038 070407 

> 072617 072985 078352 073718 074086 
1 076276 076640 077004 077368 077731 


-204t20 

8 19 1 




I 079543 079904 
»083144 083503 
) 086716 087071 

> 090258 090611 
J 093772 094122 
) 097257 097604 
>100715 101059 
I 104146 104487 

> 107519 107888 
>110926 111262 


W 


066326 066699 
070038 070407 
073718 074086 
677368 077731 


080266 080626 C 
083861 084219 ( 
087426 087781 fl 
090903 091315 C 
094471 09482 
097951 098297k 
101403 101747] 1 
104828 10516 
108227 10856511 
11159811193411 




116608116940 
119916120245 
123198123625 
126456126781 
129690130012 
132900133219 
136086 136403 
139249 139564 
142389142702 
145567145818 



178401178689 
1812721181568 
184123 184407 
186956187239 
189771190051 
192567 192846 
195346 195623 
198107 198382 
2005771200850 201124 
203305 203577 203848 

































































































































No. 1600— 

-2200 


No. 

0 1 

to 

CO 

4 

160 

204120 204391 

204662 204933 

205201 

161 

206826 207095 

207365 207634 

207903 

162 

209515 209783 

2100511210318 

210586 

163 

212188 212454 

212720 212986 

213252 

164 

214844 215109 

215373 215638 

215902 

165 

217484 217747 

218010 218273 

218535 

166 

220108 220370 

220631 220892 

221153 

167 

222716 222976 

223230 223496 

223755 

. 168 

225309 225568 

225826 226084 

226342 

169 

227887 228144 

228400 228657 

228913 

170 

230449 230704 

230960 231215 

231470 

171 

232996 233250 

233504 233757 

234011 

172 

235528 235781 

236033 236285 

236537 

173 

238046 238297 

238548 238799 

239049 

174 

240549 240799 

241048 241297 

241546 

175 

243038 243286 

213534 213782 

244030 

176 

245513 245759 

246006 246252 

216499 

177 

247973 248219 

248464 248709 

248954 

178 

250420 250664 

250908 251151 

251395 

179 

252853 253096 

253338 253580 

253822 

~ 180 

255273 255511 

255755 255996 

256236 

181 

257679 257918 

258158 258398 

258637 

182 

260071 260310 

260548 260787 

261025 

183 

262451 262688 

262925 263162 

263399 

184 

264818 265054 

265290 265525 

265761 

185 

267172 267406 

267641 267875 

268110 

186 

269513 269746 

269980 270213 

270446 

187 

271842 272074 

272306 272538 

272770 

188 

274158 274389 

274620 274850 

275081 

189 

276462 276691 

276921 277151 

277380 

190 

278754 278982 

279210 279439 

279667 

191 

281033 281261 

281488 281715 

281942 

192 

283301 283527 

283753 283979 

284205 

193 

285557 285782 

286007 286232 

286456 

194 

287802 288025 

288249 288473 

288696 

195 

290035 290257 

290480 290702 

290925 

196 

292250 292178 

292699 292920 

293141 

197 

294466 294687 

291907 295127 

295347 

198 

296665 296884 

297104 297323 

2975 12 

199 

298853 299071 

299289 299507 

299725 

200 

301030 301247 

301464 301681 

301898 

201 

303196 303412 

303628 303844 

304059 

202 

305351 305566 

305781 305996 

306211 

203 

307496 307710 

307924 308137 

308351 

204 

309630 309843 

310056 310268 

310481 

205 

311754 311966 

312177 312389 

312600 

206 

313867 314078 

314289 314499 

314710 

207 

315970 316180 

316390 316599 

316809 

208 

318063 318272 

318481 318689 

318898 

209 

320146 320354 

320562 320769 

320977 

210 

322219 322426 

322633 322839 

323046 

211 

324282 324488 

324694 324899 

325105 

212 

320336 326541 

326745 326950 

327155 

213 

328380 328583 

328787 328991 

329194 

214 

330414 330617 

330819 331022 

331225 

215 

332438 332640 

332812 333044 

33324G 

216 

331454 334655 

334856 335056 

335257 

217 

336460 336660 

336860 337060 

337260 

218 

338450 338656 

338855 339054 

339253 

219 

340444 340642 

340841 341039 

341237 


0 | 1 

2 3 

4 


TABLE XXIV. 

LOGARITHMS OF NUMBERS. 

!200 Log. 204120-342423 


21792*225051 


6220 2964461 








No. 2200- 


342423 342020 
344392 344589 
340353 340549 
348305 348500 
350248 350442 
352182 352375 
354108 354301 
356020 356217 
357935 358125 
359835 360025 


TABLE XXIV. 

LOGARITHMS OF NUMBERS. 

*800 Log. 342423- 


I 381290 381476 2 
’ 383097 383277 2 
1 384891 385070 2 
) 386677 386856 2 
) 388450 388034 2 
i 390228 390405 2 
r 391993 392169 2 
> 393751 393920 2 
>395501 395670 2 
l 397245 397418 2 


414973 415140 4 
416040 410807 -1 
418301418467 
419950 420121 
421604421768 
423240 423410 *i 
424882 425045 4 
420511 420674 
428135 428297 
429752 429914 
"431364 431525 
432969433129 
434509 434728 
43G103 436322 
437751 437909 
439333 439491 ; 
140909 441060 4 
442480 142030 4 
444045 444201 4 
445604 445700 J 


r 415471 415041 •! 
1 417139 417306 I 
1418798 418964 4 
3 420451 420616 4 
1 422097 422201 4 
1 423737 123901 4 
5 425371 425534 4 
3 420999427161 4 
) 428021 428782 4 
>430236 430398 4 
i 431846 432007 A 
3 433450 433010 4 
3 435048 435207 4 
l 130010 130798 4 
1 138220 138384 4 
i 439806 439904 4 
1 111381 441538 I 
1 442950443100 I 
r 444513(144669 I 
> 140071 146220 J 


5 | G 7 8 9 


Digitized by 









TABLE XXIV. 

LOGARITHMS OF NUMBERS. 


No. 2800- 

0 I 1 


—3400 

2 13 


Log. 447168-631479 

5 I G I 7 I 8 I 9 I 


i 447313 447468 4 

> 11880! 149015 4 
) 150103 450557 1 

> 451940 452093 1 
\ 153471 453624 I 
, 454997 155149 4 
: 456518450670 4 

> 158033 458184 1 
\ 459543 460604 1 
1 101018 401198 I 


H 4479334 
1 4494784 


> 448242 448397 
\ 119787 449941 
5 451326 451479 
i 452859 453012 
, 454387 454540 
t 455010 450002 
i 457428 457579 
) 458040 459091 
! 460447 460597 
\ 401948 402098 


j 403445 
r404936 
I 100423 
i 167901 
J 109380 
I 170851 
l 172317 
l 173779 
) 475235 
' 17G687 


1 177989 -1 
7 479431 1 

5 480869 4 
D482302 I 
7 483730 4 
1 485153 4 
D 186572 4 
r > 487986 4 
5489396 I 

1 490801 i 

2 4922i)T 4 
H 4935974 
[> 194969 4 
? 1140370 4 
1 197759 4 
f) 490137 I 
1 500511 

! 501880 5 
[) 503246 fi 
1 501007 5 


) 505280 5 
i 500040 » 
> 507991 5 
! 509337 > 
i 510079 5 
I 512017 5 
45133515 
< 5146805 
I 510006 5 
>517328 5 


2 505828. 

6 507181 . 
5 508530 
0 509874 ■' 
1 511215. 

7 512551 t 
0 513883; 
0 515211 i 
3 510535 
11517855 * 


5 403594 
5 165085 
3 4GC571 
i I0BOM 
0 409527 
l I709M 
r 472464 
» 473925 
5 475381 
7 476832 
7478278 
5 479719 
t 481166 

> 182588 
* 181015 
5485437 
I 186855 
r 488269 
J 189677 
I 191081 
[492481 
r 493876 
5 195267 
I 196653 
r 496035 
» 499412 

> 500785 
r 502154 

l 503518, 
l 504876 i 
] 506234 • 
I 507586• 

> 508933 i 
l 510277• 
J 511616 « 
i 512951 . 
» >11282. 
i 515609• 
) 516932• 
>518251 l 


1 519303 i 
3 520014 
2521922 i 
6 523220 £ 
5 524520 5 
3 525822 l 
5 527114 ; 
1 528402; 
0 529687 f 
0 5309CSa 


>7 448552 

11 450095 

9 4511*33 
2 45310* 

10 454692 
*2 456914 
9457730 
>1 459242 
>7 160747 
>8 4622 16 
>4 163744 
>5 165234 
1 466719 

12 468200 
>7 169675 
>6 471145 
>4 472610 
15 474070 

1 475526 

2 476976 

8 478422 

9 479863 
6481299 

8 462731 

5 184157 
7 485570 
5486907 

9 488410 
7 469818 

1 491222 
T 492621 ’ 

6 494015 

7 49540C 

3 190791 

5 498173 

2 499550 
5500922 

4 502290 

8 503654 

6 505014 

4 506370 “ 

6 507721 

3 509068 

7 510411 
6 511750 

1 513084 
2 514415 
[>515741 

2 517064 
1 518382 

5 519697 “ 
Li 521007 
1522314 
,523616 
>524915 

I 526210 
l 527501 
) 528788 
l 530072 
1 531351 


5 







TABLE XXIV. 

LOGARITHMS OF NUMBERS. 


93 


No. 3400- 


-4000 


No. 


340 

341 

342 

343 

344 

345 
340 

347 

348 

349 


350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

~36(T 

3G1 

362 

363 

364 

365 

366 

367 

368 

369 


0 


531479 

[532754 

534026 

535294 

536558 

537819 

5390761 

540329! 

541579| 

542825 


531607 

532882| 

534153 

1535421 

536685 

537945 

539202 

540455 

541704 

5429501 


544068 

545307 

546543| 

547775 

549003 

550228| 

551450 

552668 

553883 

555094 

556302] 

557507 

558709| 

559907 

561101 

562293; 

503481 

564666] 

565848 

567026] 


5411921 

1545431 

546666 

547898 

549126 

550351 

551572 

552790 

554004 

555215] 

556423] 

557627 

558829] 

560026] 

561221 

562412] 

563600| 

5G4784 

5659661 

567144 


370 

3-71 

372 

373 

374 

375 

376 

377 

378 

379 


568202 

,569374 

|570543 

571709 

£72872 

574031 

575188] 

576341 

(,577492 

578639] 


380 

381 

382 

383 

384 

385 

386 

387 

388 

389 


390 

391 

392 

393 

394 

395 

396 

397 

398 

399 


|579784 

580925 

[582063 

583199] 

584331 

585461 

586587 

587711 

598832] 

[589950 


591065 

592177 

593286 

594393 

595496 

596597 

597695 

598790 

599883 

600973 


0 


[531734 

533009] 

534280| 

535547 

536811 

538071 

539327 

5405801 

541829| 

543074 


568319] 

569491 

|570660] 

571825 

[572988] 

574147 

[575303 

576457 

1577607 

578751 


579898 

581039] 

582177 

583312| 

584444 

585574, 

586700 

587823 

588944] 

590061 


591176 

592288] 

593397 

594503 

595606] 

596707 

597805 

598900 

599992 

601082 


544316| 

545554 

546789| 

548021 

549249| 

550473 

551694 

552911 

>54126! 

5553365 


556544 

557746 5 

558948 

560146 

561340 

562531 

563718 

564903 

566084 

567262 


568436 

569608 

570776 

571942 

573104 

574263 

57541915 

576572] 

577721 

57886S|5 


3 


531862 

533136] 

534407 

535674 

|536937 

538197] 

539452] 

540705 

541953 

543199| 


544440 

[545678 

546913 

[548144 

549371 

550595 

551816| 

[553033 

1554247 

55457 


Log. 531479- 


-602060 


531990 

533263 

534534 

535800 

537063 

538322 

539578 

540830 

542078 

543323 


544564 

545802 


|532117 

533391 

[534661 

[535927 

537189| 

538448 

539703 

[540955 

542203 

543447 


6 


544688] 

545925 


[556664 

57868 

559068 

560265 

561459 

562650 

563837 

565021 

566202] 

567379 


[568554 

569725 

570893 

572058 

573220 

|574379 

75534 

[576687 

577836] 

78983 


568671 568788 
569842 569959 
571010 571126 
572174 572291 
573336 573452] 
574494574010! 
575650575765 
576802 576917 
57795157806615 
579097 579212 


580012,580126 


[581153| 

582291. 

583426] 

584557 

585686 

586812 

>87935 


581267 

582404 

583539 

584670 

585799 

586925 

568047 


|5S9056j5891G7 

590173590284 


[591287 

592399] 

593508] 

594613 

595717 

596817| 

597914 

599009| 

600101 

6011901 


591399 

592510 

593618 5! 

594724 

595827 

596927 

598024 

599119 

600210 

601299 


547036 547159 
548266548369 
549494549616 
550717,550840 
551938552059 
553154553276 
554368554489 
555578‘555699 
556785 556905 
557988558108 
559188 559308 
560385 560504 
561578 561698 
562769 562887 
563955 564074 
565139 565257 
566320 560437 
567497 567614 


580469 

5B1G0S| 

[582745, 

563879 


580240580355 
[58138i;58149&] 
582518582631 
583652’5837G5 
5S4783|5S4896 585009 
585912 586024 586137 
587037|587149 587262 
588160 588272 588384 
589279589391 


532245] 
533518| 
534787 
536053 
537315 
538574 
539829 
541080 
542327 
543571 


532372 

533645 

534914 

536179| 

537441 

538699 

539954] 

541205 

542452] 

5436965 


544812544936 


546049 

547282 

1548512 

549739 

550962 

552181 

553398 

554610 

555820 


546172] 
547405 
: [648635 
549861j 
551084 
[552303] 


554731 

555940] 


557026 

558228 

559428 

560624 

561817 

563006] 

564192: 

565376| 

566555 

567732 


568905 

570076 

|571243 

572407 

573568 

574726 

575880 

577032 

78181 

|579326|5 


8 


532500 

533772] 

535041 

536306| 

537567 

538825 

540079 

541330 

|542576 

43820 


545060 

546296 

547529 

548758 

549984 

551206 

552425 


553519 553640 


557146 
558348| 
559548 
560743 
561936] 
563125 1 
564311 
565494 
566673 
567849 


|569023 
570193 
571359 
572523 
[573684 
[574841 
575996] 
J577147] 
|578295 
79441 


590396590507 


591510*591621 

[592621592732] 

93729593840 


594834] 

595937 

597037 

598134 

599228 

600319 

601408 


594945 

596047 

597146 

598243 

599337 

600428 

601517 


5895031 

590619 

591732 

592843 

593950 

595055 

596157] 

59725G| 

598353 

599446| 

600537 

601625 


580583 

581722 

582658 

583992 

585122 

586250 

587374 

588496 

{589615 

590730] 


6 


591843 

592954] 

594061 

595165 

596267 

597366 

598462 

599556 

600646 

601734 


554852| 

556061J 

557267 

558469 

559667 

560863 

562055 

563241 

564429 

565612 

566791 

567967 


532627 

533899] 

535167 

536432] 

537693 

538951 

540204 

541454] 

542701 

{543944 


569140 

570309 

571476 

572639 

573800 

574957 

[576111 

577262| 

[578410] 

579555 


580697 

581836 

582972 

584105 

585235 

586362 

587486 

588608 

589726 

590842 


591955 

593061 

594171 

595276)5 

596377 

597476|5 

598572| 

599665 

600755 

601843 


545183 

546419| 

547652 

|548881 

550106 

551328 

552546 

553762 

554973, 

556182] 

557387 

558589| 

559787 

560982 

562174 

563362 

564548 

565730 

566909 

56808-1 


569257 

570426 

[571592 

[572755 

573915 

575072 

576226| 

577377 

578525 

579669| 


580811 

581950 

[583085 

[584218 

585348 

586475 

567599 

588720 

589838 

590953 


592066| 

593175 

594282 

95386 

596487 

97585 

598681 

599774 

600664 

601951 


Diff. 


128 

127 

127 

126 

126 

126 

125 

125 

125 

124 


124 

124 

123 

123 

123 

122 

122 

121 

121 

121 

120 

120 

120 

119 

119 

119 

119 

118 

118 

118 


117 

117 

117 

116 

116 

116 

115 

115 

115 

114 


114 

114 

114 

113 

113 

113 

112 

112 

112 

112 


111 

111 

111 

110 

110 

110 

110 

109 

109 

109 


B 




94 TABLE XXIV. 

LOGARITHMS OF NUMBERS. 

No. 4000 -4 600 Log. 602060-662768 | 

No. 0 1 2 3 4 5 | 6 ^7 8 9^ Diff. 

400 602060 602109 602277 602386 602494 6026031602711 602819 602928 603036 1(H 

401 603144 603253 603361 603469 603577 603686 603794 603902 604010 604118 ll* 

402 604226 604334 601442 604550 604658 6047661604874 604982 605089 605197 m 

403 605305 605413 60552l|605628 605736 605844 (>05951 606059 606166 606274 Kb 

404 606381 606489 6065961606704 606811 606919 607026 607133 607241 607348 107 

405 607455 607562 607669 607777 607884 607991 608098 608205 608312 608419j 107 

406 608526 608633 608740 608847 608954 609061 609167 609274 609381 609488 107 

407 609594 609701 609808 609914 610021 610128 610234 610341 610447 610554 107 

408 610660 610767 610873 610979 611086 611192 611298 611405 611511 611617 106 

409 011723611829611930612042612148612254612360612466612572612678 106 

410 612784 612890 612996 613101 613207 613313 613419 613525 613630 6137~3G 106 

411 613842 613947 614053 614159 614264 614370 614475 614581 614686 6147921 106 

412 614897 615003 615108 015213 615319 615424 615529 615634 615740 615845 105 

413 615950 616055 616160 616265 616370 616475 616580 016685 616790 616895 l(k> 

414 617000 617105 617210 617315 617420 617524 617629 617734 617839617043 105 

415 618048 618153 618257 618362 618466 618571 618675 618780 618884 618989 105 

416 619093 619198 619302 61940G 619511 619615 619719 019823 619928 620032 104 

417 620136 620240 620344 620448 620552 620656 620760 620864 620968 621072 104 

418 621176 621280 621384 621488 621592 621695 621799 621903 622007 622110 104 

419 622214 622318 622421 622525 622628 622732 622835 622939 623042 623146 104 

420 623249 623353 623456 623559 623663 623766 623869 623972 624076 624179 103 

421 624282 624385 624488 624591 624694 624798 624901 625004 625107 625209 103 

422 625312 625415 625518 625621 625724 625827 625929 626032 626135 626238 103 

423 626340 626143 626546 626648 626751 626853 626956 627058 627161 627263 103 

424 627366 6)27468 627571 627673 627775 627878 627980 628082 628184 G2H287 102 | 

425 628389 628491 628593 628695 628797 628900 629002 629104 629206 629308 102 

426 629410 629511 629613 629715 629817 629919 630021 630123 630224 630326 102 

427 630428 630530 630631 630733 630834 630936 631038 631139 631241 631342 1OT 

428 1631444 631545 631647 631748 631849 631951 632052 632153 632255 632356 101 

429 |632457 632558 632660 632761 632862 632963 633064 633165 633266 633367 101 

430 633468 633569 633670 633771 633872 633973 634074 631175 634276 634376 101 | 

431 634477 634578 634679 634779 634880 634981 635081 635182 635283 635383 101 . 

432 635484 635584 635685 635785 635886 635986 636086 636187 636287 6363*8 100 

433 636488 636588 636688 636789 636889 636989 637089 637189 637289 637390 IW 

434 637490 637590 637690 637790 637890 637990 638090 638190 638289 638389 100 

435 638489 638589 638689 638789 638888 638988 639088 639188 639287 639387 100 

436 639466 639586 639686 639785 639885 639984 640084 640183 640283 640382 99 

437 640481 640581 640680 640779 640879 640978 641077 641176 641276 641375 99 

438 641474 641573 641672 641771 641870 641970 642069 6421G8 642267 642366 99 

439 642464 642563 642662 642761 642860 642959613058 643156 643255 643354 99 | 

410 1643453 613551 643650 643749 643847 643946 644044 644143 644242 644340 ~' W 

441 644439 6 14537 644635 644734 644832 644931 645029 645127 645226 645324 98 

442 645422 645520 645619 645717 645815 645913 646011 646109 646206 646306 98 

443 <>46404 646502 646600 646698 646796 646894 646991 647089 647187 647285 98 

444 1647383 647481 647579 647676 647774 647872 647969 648067 648165 646262 9* 

445 1648360 648458 648555 648653 648750 648848 648945 649043 649140 649237 91 

446 649335 649432 649530 649627 649724 619821 649919 650016 650113 650210 97 

447 650307 650105 650502 650599 650096 650793 650890 650987 651084 651181 97 

448 651278 651375 651472 651569 651666 651762 651859 651956 052053 652150 07 

449 652246 652343 652440 652536 652633 652730 652826 652923 653019J653116| 9.’ 

450 653213 653309 653405 653502 653598 653695 653791 653888 653984 ” > 

451 654176 654273 654369 654465 654562 654658 654754 654850 654946 655042 96 

452 655138 655234 655331 655427 655523 655619 655714 655810 655906 656002 96 

453 656098 656194 656290 656386 656481 656577 656673 656769 656864 656960 % I 

454 657056 657151 657247 657343 657438 657534 657629 657725 657820 657916 

455 658011 658107 658202 658298 658393 658488 658584 658679 658774 658870 W 

456 658965 059060 659155 659250 659346 659441 659536 659631 659726 659821 & 

457 659916 660011 660106 660201 660296 660391 660486 660581 (>60670 <>60771 

458 660865 060960 661055|g 01 150>66I245 661339 661434 6615291661623 661718 95 l 

459 G61813 061907|GG2002|G62096|662191 662285 662380 662474 G62569 662663 

0 1 1 2 1 3 R~1 5 ~ln~7 819 | H 




TABLE XXIV. 

LOGARITHMS OP NUMBERS. 


No. 4600 - 5 200 _Log. 662758-716003. 


No. 

0 

l 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

460 

662758 

662852 

662947 

663041 

663135 

663230 

663324 

663418 

663512 

663607 

94 

461 

663701 

663795 

663889 

663983 

661078 

664172 

601266 

664360 

664454 

664548 

94 

462 

664642 

664736 

664830 

664924 

665018 

665112 

665206 

665299 

665393 

665487 

94 

463 

665581 

665675 

663769 

665862 

665956 

G66050 

666143 

666237 

666331 

666424 

94 

464 

666518 

666612 

666705 

666799 

666892 

666986 

667079 

667173 

667266 

667359 

94 

46. r > 

667453 

667546 

667640 

667733 

667826 

667920 

668013 

668106 

668199 

668293 

93 

466 

668386 

668479 

668572 

668665 

668758 

668852 

668945 

669038 

669131 

669224 

93 

467 

669317 

669410 

669503 

669596 

669689 

669782 

669875 

669967 

670060 

670153 

93 

468 

670246 

670339 

670431 

670524 

670617 

670710 

670802 

670895 

670988 

671080 

93 

469 

671173 

671265 

671358 

671451 

671543 

671636 

671728 

671821 

671913 

672005 

93 

470 

672098 

672190 

672283 

672375 

672467 

672560 

672652 

672744 

672636 

672929 

92 

471 

673021 

673113 

673205 

673297 

673390 

673482 

673574 

673666 

673758 

673850 

92 

472 

073942 

674034 

674126 

674218 

674310 

674402 

674491 

674586 

674677 

674769 

92 

473 

674S61 

674953 

675045 

675136 

675228 

675320 

675412 

675503 

675595 

675687 

92 

474 

675778 

675870 

675962 

676053 

676145 

676236 

676328 

676419 

676511 

676602 

92 

475 

676694 

676786 

676876 

676968 

677059 

677151 

677242 

677333 

677424 

677516 

91 

476 

677607 

677698 

677789 

677881 

677972 

678063 

678154 

678245 

678336 

678427 

91 

477 

678518 

678609 

678700 

678791 

678882 

678973 

679064 

679155 

679246 

679337 

91 

478 

679428 

679519 

679610 

679700 

679791 

679882 

679973 

680063 

680154 

680245 

91 

479 

680335 

680426 

680517 

680607 

680698 

680789 

680879 

680970 

681060 

681151 

91 

480 

681241 

681332 

681422 

681513 

681603 

681693 

5*1784 

681874 

681964 

682055 

90 

481 

682145 

682235 

682326 

682416 

682506 

682596 

682686 

682777 

682867 

682957 

90 

482 

683047 

083137 

683227 

683317 

683407 

683497 

683587 

683677 

683767 

683857 

90 

483 

683947 

684037 

684127 

684217 

684307 

684396 

684486 

684576 

684666 

684756 

90 

484 

684845 

684935 

685025 

685114 

685204 

685294 

685383 

685473 

685563 

685652 

90 

485 

685742 

685831 

685921 

686010 

686100 

686189 

686279 

686368 

686457 

686547 

89 

486 

686636 

686726 

686815 

686904 

686994 

687083 

687172 

687261 

687351 

687440 

89 

487 

687529 

687618 

687707 

687796 

687886 

687975 

688064 

688153 

688242 

688331 

89 

488 

688420 

688509 

688598 

688687 

688776 

688865 

688953 

689042 

689131 

68922a 

89 

489 

689309 

689398 

689486 

689575 

689664 

689753 

689841 

689930 

690019 

690107 

89 

490 

690196 

690285 

690373 

690462 

690550 

690039 

690727 

690816 

690905 

690993 

89 

491 

691081 

691170 

691258 

691347 

691435 

691524 

691612 

691700 

691789 

691877 

88 

492 

691965 

692053 

692142 

692230 

692318 

692406 

692494 

692583 

692671 

692759 

88 

493 

692847 

692935 

693023 

693111 

693199 

>693287 

693375 

693463 

693551 

693639 

88 

494 

693727 

693815 

693903 

693991 

694078 

694166 

694254 

694342 

694430 

694517 

88 

495 

694605 

694693 

694781 

694868 

694956 

695044 

695131 

695219 

695307 

695394 

88 

496 

695482 

1695569 

695657 

695744 

695832 

695919 

696007 

696094 

696182 

696269 

87 

497 

696356 

696444 

696531 

696618 

696706 

696793 

006880 

696968 

697055 

697142 

87 

498 

697229 

697317 

697404 

697491 

697578 

697665 

697752 

697839 

697926 

698013 

87 

499 

698100 

698188 

698275 

698362 

698448 

698535 

698622 

698709 

698796 

698883 

87 

‘ 500 

698970 

699057 

699144 

699231 

699317 

699404 

699491 

699578 

699664 

699751 

87 

601 

699838 

699924 

700011 

700098 

700184 

700271 

700358 

700444 

700531 

700617 

87 

502 

700704 

700790 

700877 

700963 

701050 

701136 

701222 

70130!* 

701395 

701482 

80 

503 

701568 

701654 

701741 

701827 

701913 

701999 

702086 

702172 

702258 

702344 

86 

504 

702430 

702517 

702603 

702689 

702775 

702861 

702947 

703033 

703119 

703205 

86 

505 

703291 

703377 

703463 

703549 

703635 

703721 

703807 

703893 

703979 

704065 

66 

506 

704150 

704236 

704322 

704408 

704494 

704579 

704665 

704751 

704837 

704922 

86 

507 

705008 

705094 

705179 

705265 

705350 

705436 

705522 

705607 

705693 

705778 

8G. 

508 

705864 

705919 

706035 

706120 

706206 

706291 

706376 

706-162 

706547 

706632 

85 

509 

706718 

706803 

706888 

706974 

707059 

707144 

707229 

707315 

707400 

707485 

85 

510 

707570 

707655 

707740 

707826 

707911 

707996 

708081 

708166 

708251 

708336 

85 

511 

708421 

708506 

708591 

708676 

708761 

7088*16 

708931 

709015 

709100 

709185 

85 

512 

709270 

709355 

709440 

709524 

709609 

709694 

709779 

709863 

709948 

710033 

85 

513 

710117 

710202 

710287 

710371 

710456 

710540 

710625 

710710 

710794 

710879 

85 

514 

710963 

711048 

711132 

711216 

711301 

711385 

711470 

711554 

711638 

711723 

84 

515 

711807 

711892 

711976 

712060 

712144 

712229 

712313 

712397 

712481 

712566 

84 

516 

712650 

712734 

712818 

712902 

712986 

713070 

713154 

713238 

713322 

713406 

84 

517 

713490 

713574 

713658 

713742 

713826 

713910 

713994 

714076 

714162 

714246 

84 

518 

714330 

714414 

714497 

714581 

71 Mtt 

714749 

714832 

714916 

715000 

715084 

84 

519 

715167 

715251 

715335 

715418 

715502 

715586 

715669 

715753 

715836 

715920 

84 

1 o 

l 

2 

3 

MM 


6 

7 

8 

9 









TABLE XXIV. 

LOGARITHMS OF NUMBERS. 


No. 5200-5800 

"01 11213 


Log. 716003— 

5 I 6 1 7 1 


-763423 

I9| 


710421 716504 716588 716671,7 10764 
1 717254 717338 7174211717504)717587 
3 718086 718160 718253:718336 718419 
I 718917 719000 719083.719165j7 19248 
1710745 710828 710011 719994 720077 


> 720573 720655 720738 720821 72O903 
3 721308 721481 7215G3 721646 721728 

> 722222 722305 722387 722469 722552 
l 723045 723127 723200 723201 723374 
l 723866 723048 724030)724112 724191 
1 724085 724767 72484972493 1 725013 
l 725503 725585 725667 725748 725830 
3 726320 726401 726483 726564 726646 
l 727134 727216 727207 727379 727460 

> 727048 728020 728110*728191 728273 

3 728750 728841 728922 720003 729084 

> 720570 729651 729732 729813 729893 

4 730378 730459 730540 730621 730702 

> 731186 731266 731347 731428 731508 
I 731991 732072 732152 732233 732313 


732394 < 
733197 ? 
733990 7 
734800 ? 
735500 ? 
736396' 
737103 < 
737087 ? 
738781 1 
730572 > 


I 732555 7 
4 733358 7 
> 734159 7 
) 7310607 
>735759 7 

1 736556 7 

2 7373527 
r 738146 7 
) 738030 7 
I 730730 7 


3 732956 733037 
[> 733759 733839 
[> 734560 734640 
[>735359 735439 
i 736157 736287 
1 736954 737034 
l> 737749 737829 
l 738543 738622 
[»739335 739414 
7 740126 740205 
5 740915 740994 
1 741703 741782 

1 742489 742568 
5 743275 743353 
[>744058 744136 

2 744840 744910 
1 745621 745609 
J 746401 746479 
1 747179 747256 
R 747955 748033 
5 7487311748808 
7 749504 749582 
D 750277 750354 
1 751048 751125 

1 751818751895 
0 752586 752663 
7 753353 753430 

2 754110 754195 
7 754883 754960 
0 755646 755722 


\ 7661801756256 7 
l 756040 757010 7 

1 757700 757775 7 

2 758458 758533 7 
> 750214 750200 7 

1 759970 760045 7 
) 760724 760790 7 

2 761477 761552 7 
J 762228 7G2303 7 
1 762978 763053 7 


r 733117 
[> 733019 
L> 734720 

* 735519 
r 736317 
1 737113 
4737908 
i 738701 
1 739493 
3 740284 

1 741073" 

2 741860 

* 742647 
1 743431 
3741215 
>744997 
>745777 
>746556 
3747334 
1748110 
3748885" 
2749659 
1750431 
>751202 
3751972 

1 752740 
>753506 

3 754272 
) 755036 
2755799 
1756560” 
I 757320 

\ 758079 
L 758836 
r759592 
2760347 
>761101 
9 761853 
>762604 
3 763353 


8 I 9 
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TABLE XXIV. 

LOGARITHMS OF NUMBERS. 


No. 5800—-6400_Log. 763428-806180. 


No. 

0 

i 

2 

3 

4 

5 

6 

7 

8 

<) 

Diff. 

580 

76312b 

763503 

763578 

763G53 

76372? 

703802 

763877 

763952 

761027 

761101 

75 

581 

764176 

764251 

764326 

764400 

764475 

764550 

764621 

761699 

76477! 

764848 

73 

582 

761923 

76499b 

765072 

7G5147 

765221 

765296 

765370 

765445 

76)520 

765594 

73 

583 

765669 

765743 

765818 

765892 

765966 

7660111766115 

766190 

766261 

766331- 

74 

584 

766413 

766487 

766562 

7C6636 

766710 

766785 766859 

766933 

767007 

7G70K2 

74 

585 

767156 

7G7230 

767301 

767376 

767453 

767527|76760l 

767675 

7677 49 

767823 

74 

58G 

767898 

767972 

768046 

768120 

768194 

768268768342 

708416 

768190 

76856 1 

74 

587 

768638 

708712 

768786 

768860 

768931 

769008 769082 

769156 

769230 

769303 

74 

588 

769377 

769451 

769525 

769599 

7G9673 

769746769820 

769891 

769968 

770042 

74 

389 

770115 

770189 

770263 

770336 

770410 

770184 

770557 

770631 

770705 

770778 

74 

590 

770852 

770920 

770999 

771073 

771146 

771220 

771293 

771367 

771440 

771514 

74 * 

591 

771587 

771661 

771734 

771808 

771881 

771955 

772028 

772102 

772175 

772248 

73 

692 

772322 772395 

772468 

772542 

772615 

772088 

772762 

772835 

772908 

772981 

73 

593 

773055 773128 

773201 

773274 

773348 

773421 

773494 

773567 

773640 

773713 

73 

594 

773780 77386;* 773933 

774006 

774079 

774152 

774225 

774298 

774371 

774114 

73 

595 

774517 

774590 

774663 

774736 

774809 

774882 

774955 

775028 

775100 

775173 

73 

596 

77524G 

775319 

775392 

775465 

775538 

775610 

775683 

775756 

775829 

775902 

73 

597 

775974 

77G047 

776120 

776193 

776265 

776338 

770411 

776483 

776556 

770629 

73 

598 

776701 

776774 

77684G 

776919 

776992 

777061 

777137 

777209 

777282 

777351 

73 

599 

777427 

777499 

777572 

777644 

777717 

777789 

777862 

777934 

778006 

778079 

73 

600 

778151 

778224 

778296 

778368 

778441 

778513 

778585 

778658 

778730 

778802 

72 

601 

778874 

778947 

779019 

779091 

779163 

779236 

779308 

779380 

779452 

779524 

72 

602 

779596 

779669 

779741 

779813 

779885 

779957 

780029 

780101 

780173 

780215 

72 

603 

780317 

780389 

780461 

780533 

780605 

780677 

780749 

780821 

780893 

780965 

72 

604 

781037 

781109 

731181 

781253 

781324 

781396 

781468 

781540 

781612 

781684 

72 

605 

781755 

781827 

781899 

781971 

782042 

782114 

782186 

782258 

782329 

782401 

72 

006 

782473 

782544 

782616 

782688 

782759 

782831 

782902 

782974 

783046 

783117 

72 

607 

783189 

783260 

783332 

783403 

783475 

783546 

783618 

7836H9 

783761 

783832 

71 

608 

783904 

783975 

784046 

784118 

784189 

784261 

764332 

784403 

784475 784540 

71 

609 

784617 

784GS9 

784760 

784831 

784902 

784974 

785045 

7&5I16 

785187 

785259 

71 

610 

765330 

785401 

785472 

785543 

785615 

785686 

785757 

7858281785899 

785970 

71 

611 

786011 

786112 

786183 

786254 

786325 

786396 

786167 

786538 78060!' 

786680 

71 

612 

786751 

786822 

786893 

786964 

787035 

787106 

787177 

787248 

787316 

787390 

71 

613 

787460 

787531 

787602 

787673 

787744 

787815 

787885 

787956 

788027 

788098 

71 

614 

7881G8 

788239 

788310 

788381 

788451 

788522 

788593 

788663 

788731 

788804 

71 

615 

788875 

788946 

789016 

789087 

789157 

789228 

769299 

789309 

789440 

789510 

71 

616 

789581 

789651 

789722 

789792 

789863 

789933 

790004 

790074 

790144 

EETTB 

70 

617 

790285 

790356 

790426 

790496 

790507 

790637 

790707 

790778 

79084b 

790918 

70 

618 

790988 

791059 

791129 

791199 

791269 

791340 

791410 

791480 

791550 

791620 

70 

619 

791691 

791761 

791831 

791901 

791971 

792041 

792111 

792181 

792252 

WWy-fl 

70 

620 

792392 

792462 

792532 


792672 

792742 

792812 

792882 

792952 

793022 

70 

621 

793092 

793162 

793231 

793301 

793371 

793411 

793511 

793581 

793651 

793721 

70 

622 

793790 

793860 

793930 

794000 

791070794139 

794209 

794279 

79434!. 

7941 lb 

70 

623 

794486 

794558 

794627 

794697 

7947G7 794836 

794906 

794976 

795045 

795115 

70 

624 

795185 

795254 

795324 

795393 

795463 795532 

795602 

795671 

795741 

795811 

09 

625 

795880 

795949 

796019 

796088 

796158 796227 

796297 

79G366 

796136 

796505 

69 

626 

796574 

796644 

796713 

796782 

796852 

796921 

79G990 

797060 

79712!. 

797198 

69 

627 

797268 

797337 

797406 

797475 

797545 

797614 

7970S3 

797752 

797821 

797890 

69 

628 

797960 

798029 

798098 

798167 

798230 

798305 

798374 

798443 

798512 

798582 

69 

629 

798651 

798720)798789 

798858 

798927 

798996 

799065 

799131 

799203 

799272 

69 

630 

799347 

799409 

799478 

799547 

799616 

799685 

799754 

799823 

799892 

799961 

69 

631 

800029 

800098 

800167 

800236 

800305 

800373 

800442 

800511 

800580 

*>006 lb 

69 

632 

800717 

800786 

800854 

800923 

>00992 

801060 

801129 

801198 

801266 

801335 

69 

633 

801404 

801472 

801541 

801609 

801678 

801747 

801815 

801884 

801952 

802021 

69 

634 

802089 

802158 

802226 

802295 

802363 

802432 

802500 

802568 8 02637 

802705 

68 

035 

802774 

802842 

802910 

802979 

803017 

803116 

803184 803252 803321 

S033M9 

68 

636 

803457 

803525 

803594 

S03G62 

803730 

80379b 

803867 

8039351801003 

801071 

68 

637 

804139 

804208 804276 

4043 41 

804112 

80148C 

604548 

801616,80468.' 

801753 

68 

638 

804821 

804889804957 

S05025 

805093 

805161 

805229 

805297 

80536.5 

805 133 

68 

639 

805501 

805509J805637 

805705 

•05773 

805841 

805908 

805976 

806041 

806112 

6H 


0 

i 

* 

•3 

4 

5 

6 

7 

8 

0 














98 






No. 

0 

l 

640 

806180 

806248 

641 

806858 

806926 

642 

807535 

807603 

643 

808211 

808279 

644 

808886 

808953 

645 

8095G0 

809627 

646 

810233 

810300 

647 

810904 

810971 

648 

811575 

811642 

649 

812245 

812312 

650 

812913 

812980 

651 

813581 

813648 

652 

814248 

814314 

653 

814913 

814980 

654 

815578 

815614 

655 

816241 

816308 

G5G 

81G904 

816970 

657 

817565 

617631 

658 

818226 

618292 

659 

818885 

816951 

060 

819544 

819610 

661 

820201 

820267 

G62 

820858 

820924 

G63 

821514 

821579 

GG4 

822168 

822233 

G65 

822822 

822887 

666 

823474 

823539 

667 

824126 

824191 

! 668 

824776 

824841 

G69 

825426 

825491 

670 

826075 

826140 

671 

826723 

826787 

672 

827369 

827434 

673 

828015 

628080 

674 

828660 

828721 

675 

829304 

829368 

676 

829947 

830011 

677 

830589 

830653 

678 

831230 

831294 

679 

831870 

831934 

680 

832509 

832573 

681 

833147 

833211 

682 

833784 

833848 

683 

834421 

834484 

684 

835056 

835120 

685 

835691 

835754 

686 

836324 

S36387 

687 

836957 

837020 

688 

837588 

837652 

689 

838219 

838282 

690 

838849 

838912 

691 

839478 

839541 

692 

840106 

810169 

693 

840733 

840796 

694 

841359 

841422 

695 

841985 

842047 

696 

842609 

842672 

G97 

843233 

84S995 

698 

843855 

843918 

699 

844477 

844539 


0 

1 


TABLE XXIV. 

LOGARITHMS OF NUMBERS. 

—7000 Log. 806180^-- 

2 13 14 15 16 7 8 1 9 1 Diff. 

[>0316 806384 806451 806519 806587 806655 806723 806790 68 

96994 807061 807129 807197 807264 807332 807400 807 467 68 

97670 807738 807806 807873 807941808008 808076 808143 68 

98346 808414 808481 808549 808616 808684 808751 808818 68 

99021 809088 809156 809223 809290 809358 809425 809492 67 

99694 809762 809829 809896 809964 810031 810098 810165 07 

10367 810434 810501 810569 610G36 810703 810770 810837 67 

11038 811106 811173 811240811307 811374 811441 811508 67 

11709 811776 811843 811910 811977 812044 812111 812178 67 

12378 812445 812512 812579 812646 812713 SI2780 812847 67 


8196751819741 
820333820399 
820989821055 
821644821710 
822299*822364 
822952823018 
823605 823670 
824256824321 
824906824971 
825556 825621 
826204 826269 
826852826917 
827498827563 
828144828209 
828789828853 
829432 829497 
830075 830139 
830717 830781 
831358 831422 
831998 832062 
832637 832700 
833275 833338 
833912 833975 
834548 834611 
835183 835247 
835817 835881 
836451836514 
837083 837146 
837715 837778 
838345 838408 


I 813181 813247 t 
I 813848 813914 * 
r 814514 814581 t 
1 815179 815246 * 
r 815843 815910 * 
>81650G 816573* 
l 817169 817235 * 
I 817830 817896 * 
I 818490 818556 * 
\ 819149819215 * 
I 819807 819873 * 
) 820464 820530 * 
>821120 821186* 
>821775 821841 * 
I 822430 822495 * 
) 823083 823148* 
>823735 823800* 
I 824386 824451 * 
[825036 825101 * 
[ 825686 825751 * 

> 826334 826399 * 
r 826981 827046 * 
\ 827628 827692 * 

> 828273 828338 * 
\ 828918 828982 * 
r 829561 829025 * 

> 830204 830268 * 
t 830845 830909 * 
1831486 831550* 
! 832126 832189* 

> 832764 832828 * 

> 833402 833466 * 
>834039 834103* 
i 834675 834739 * 
r 835310 835373* 
L 835944 836007 * 
I 836577 836641 * 
>837210 837273* 
J 837841 837904 * 
>838471 838534* 
j 839101 839164 * 
r 839729 839792 * 
I 840357 840420 * 
1840984 841046* 
r 841610 841672* 
i 842235 842297 * 
3 842859 842921 * 
>843482 843544 * 
£841104 84 41601 
1 844726 844788 l 


L 813448 813514 
3 814114 814181 
1814780 814847 
3 815445 815511 
£ 816109 816175 
>816771816838 
r 817433 817499 
>818094 816160 
3 818754 816819 
>819412 819476 
I 820070 820136" 

1 820727 820792 
r 821382 821448 

2 822037 822103 
>822691 822756 

> 823344 823409 
>823996 824061 
I 824646 82471] 
l 825296 825361 
>825945 826010 

3 826593 826658 ~ 

> 827240 827305 
I 82788G 827951 
r 828531 828595 
l 829175 829239 
1829818 829882 

> 830460 830525 
831102 831166 

3 831742 831806 
r 832381 832445 


839352 8394151 
839981 840043 
840608 840671 
18412341841297 
|84186018419221 
8424841*3425 47 1 
1843 10818431 TUi 
843731 ^ in:'.'3 
844353|84441oi 
|844974|84.>036; 

8 9 






TABLE XXIV. 99 

LOGARITHMS OF NUMBERS. 

No. 7000-7600 Log. 645098-880874 

No. 0 1 2 3 4 5 7 8 9 DIS7 

700 845008 8451 GO 8452*42 845284 84534G 845408 845470 845532 845594 845656 62“ 

701 845718 845780 845842 845904 8459GC 846028 846090 84G151 846213 846276 62 

702 846337 846399 846461 846523 846584 846646 846708 846770 84G832 846894 62 

703 846955 847017 847079 847141 847202 847264 847326 847388 847449 847511 62 

704 847573 847634 84769G 847758 847819 847881 847943 848004 848066 848127 G2 

705 848189 848251 848312 848374 648435 848497 848559 848620 848682 848743 62 

706 8 48805 848866 848928 848989 849051 849112 849174 849235 849296 849358 61 

707 849419 849481 849542 849604 849665 849726 849788 849849 849911 849972 61 

708 S50033 850095 850156 850217 850279 850340 850401 850462 850524 850585 61 

709 850646 850707 850769 850830 850891 850952 851014 651075 8511361851197 61 

710 851258 851320 851381 851442 651503 851564 851625 851686 851747 861808 5T" 

711 851870 851931 851992 852053 852114 852175 85223G 852297 652358 852419 61 

712 852480 852541 852602 852663 852724 852785 852846 852907 852966 853029 61 

713 853090 853150 853211 853272 853333 653394 653455 853516 853576 853G37 61 

714 853698 853759 853820 853881 853941 854002 854063 854124 854185 854245 61 

715 854306 854367 854427 854488 854549 854610 854670 854731 854792 854852 61 

716 854913 854974 855034 855095 855156 855216 855277 855337 855398 855459 61 

717 655519 855580 855640 855701 855761 855822 855882 855943 856003 856064 61 

718 856124 856185 856245 85G306 856366 856427 856487 856548 856608 856668 60 

719 856729 856789 850850 856910 856970 857031 857091 857151 857212 857272 60 

720 857332 857393 857453 857513 857574 857634 857694 857754 857815 857875 60~~ 

721 857935 857995 858056 858116 858176 858236 858297 858357 858417 858477 60 

722 858537 858597 858657 858718 858778 858838 858898 858958 859018 859078 60 

723 859138 859198 859258 859318 859378 859438 859499 859559 859619 859679 60 

724 859739 859799 859858 859918 859978 860038 860098 860158 860218 8G0278 60 

725 860338 860398 860458 860518 860578 860637 860697 860757 860817 860877 60 

726 860937 860996 861056 861116 861176 861236 861295 861355 861415 861475 60 

727 861534 861594 861654 861714 861773 861833 861893 861952 862012 862072 60 

728 '862131 862191 862251 862310 8G2370 862130 862489 862549 862608 862668 60 

729 j862728 862787 862847 862906 862966 863025 863085 863144 863204 863263 60 

730 '863323 863382 863442 863501 863561863620 863680 863739 863798 863868 6lT” 

731 863917 863977 864036 864096 864155 864214 864274 864333 864392 864452 69 

732 864511 864570 864630 864689 864748 864808 864867 86492G 864985 865045 69 

733 865104 865163 865222 865282 865341 865400 865459 865518 865578 865637 59 

734 865696 865755 865814 865874 865933 865992 866051 866110 866169 866228 69 

735 866287 866346 866405 866465 866524 866583 866642 866701 866760 866819 59 

736 866878 866937 866996 867055 867114 867173 867232 867291 867350 867409 59 

737 867467 867526 867585 867644 867703 867762 867821 867880 867939 867998 59 

738 868056 868115 868174 868233 868292 868350 868409 868468 868527 868566 59 

739 868644 868703 868762 868821 868879 868938 868997 869056 869114 869173 59 

7 10 869232 869290 869349 869408 869466 869525 869584 869642 869701 869760 59 

741 869818 869877 869935 869994 870053 870111 870170 870228 870287 870345 59 

742 870404 870462 870521 870579 870638 870696 870755 870813 870872 870930 58 

743 870989 871047 871106 871164 871223 871281 871339 871398 871456 871515 68 

744 871573 871631 871690 871748 871806 871865 871923 871981 872040 872098 68 

74 5 872156 872215 872273 872331 872389 872448 872506 872564 872622 872681 58 

746 872739 872797 872855 872913 872972 873030 873088 873146 873204 873262 68 

747 873321 873379 873437 873495 873553 873611 873669 873727 873785 873844 58 

748 873902 873960 874018 874076 874134 874192 874250 874308 874366 874424 58 

749 874482 874540 874598 874656 874714 874772 874830 874887 874945 875003 58 
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TABLE XXIV. 

LOGARITHMS OP NUMBERS, 


No. 7600-8200 


No. 0 I 1 2 I 3 



8971871897242 


r 897682 897727 897792 897847 897902 897957 898012 898067 
5 898231 898286 898341 898396 898451 898506 898561 898615 
\ 898780 898835 898890 808944 898999 899054 899109 899164 
I 899328 899383 899437 899492 899547 899602 899656 899711 
) 899875 890930 899085 900030 900094 900149 900203 900258 
r 900422 900476 900531 900586 900640 900695 900749 900804 
S 900968 901022 901077 901131 901186901240 901295 901349 
5 901513 901567 901622 901676 901731 901785 901840 901894 
1002057 002112 902166 902221 902275 902329 902384 902438 
r 902601 902655 902710 902764 902818 902873 902927 902981 



SS38SSSS8 38883333 33 8 883388328 3333333333 33823333 




































































































































































TABLE XXIV. 
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LOGARITHMS 

OF NUMBERS. 





No. 8200— 

-8800 


Log. 913814- 

944483 

No. 

W 

1 1 



4 

Jj 

6 

7 

8 

9 

Diff. 

820 



■ 

EIgTira 


mm 

914181 

rorra! 

t r ifTO: 


821 

914343 

914396 


914502 

914555 


914660 

914713 

914766 

914819 


822 

914872 

914925 

914977 


jiiT; 

915136 

915189 

915241 

915294 

915347 


823 

adE 

915453 

USE 

915558 


915664 

915716 



915874 


824 

915927 

II 35-i 

eh zi 


916138 

916191 

916243 

916296 

916349 

mm 


825 

916454 


91G559 

916612 


916717 

916770 

916822 

•EE 

916927 


826 




917138 


917243 

917295 

917348 


r7T7*n 


827 


917558 

3E3E 


917715 

917768 

917820 

917873 

917925 

917978 


828 



918135 

918188 

mm 

918292 

918345 

918397 


918502 


S29 


2E23 

918659 

918712 

918764 

918816 


918921 

918973 



830 

919978 

919130 

919183 

919235 

919287 

919340 

919392 

919444 

919496 

919549 

52 

831 

919601 

919053 

919705 

919758 

919810 

919862 

919914 

919967 

920019 

920071 

52 

832 

920123 

920175 

920228 

920280 

920332 

920384 

920436 

920489 

920541 

920593 

52 

833 

920645 

920697 

920749 

920801 

920853 

920906 

920958 

921010 

921062 

921114 

52 

834 

921166 

921218 

921270 

921322 

921374 

921426 

921478 

921530 

921582 

921634 

52 

835 

921686 

921738 

921790 

921842 

921894 

921946 

921998 

922050 

922102 

922154 

52 

830 

922206 

922258 

922310 

922362 

922414 

922466 

922518 

922570 

922622 

922674 

52 

837 

922725 

922777 

922829 

922881 

922933 

922985 

923037 

923088 

923110 

923192 

52 

838 

923244 

923296 

923318 

923399 

923451 

923503 

923555 

923607 

923658 

923710 

62 

839 

^237621923814 

923865 

923917 

923969 

924021 

924072 

924124 

924176 

924228 

52 

840 

9242791924331 

924383 

924434 

924486 

924538 

924589 

924641 

924693 

924744 

62 

841 

924796 924848 

924899 

924951 

925002 

925051 

925106 

92515-7 

925209 

925260 

52 

842 

925312 

925364 

925115 

925467 

925518 

925570 

925621 

925673 

925724 

925776 

52 

843 

925828 

925879 

925931 

925982 

926034 

926085 

926137 

926188 

926239 

926291 

51 

844 

920342 

926391 

926445 

'>26497 

92G548 

926600 

926651 

926702 

926754 

926805 

51 

845 

926857 

92690$ 

926959 

927011 

927062 

927114 

927165 

927216 

927268 

927319 

51 

1 840 

927370 

927422 

927473 

927524 

927576 

927627 

927G78 

927730 

927781 

927832 

51 

847 

927883 

927935 

927986 

928037 

928088 

9281401928191 

928242 

928293 

928345 

51 

840 

928396 

928147 

928498 

928549 

928601 

928652 928703 

928754 

928805 

928856 

51 

849 

928908 

928959 

929010 

929061 

929112 

9291631929214 

929266 

929317 

929368 

51 

850 

929419 

929470 

929521 

929572 

929623 

929674 

929725 

929776 

929827 

929878 

61 

851 

929930 

‘>29981 

930032 

930083 

930134 

930185 

930236 

930287 

930338 

930389 

51 


930440 

930491 

930541 

930592 

930643 

930691 

930745 

930796 

930817 

930898 

51 

853 

930949 

•31000 

931051 

931102 

931153 

931203 

931254 

931305 

931356 

931407 

51 

854 

931458 

931509 

931560 

931610 

931G61 

931712 

931763 

931814 

931864 

931915 

51 

855 

931961) 

932017 

932068 

932118 

932169 

932220 

932271 

932321 

932372 

932423 

61 

856 

932174 

932524 

932575 

932626 

932677 

932727 

932778 

932829 

932879 

932930 

51 

857 

932981 

933031 

933082 

933133 

933183 

933234 

933285 

933335 

933386 

933437 

51 

858 

933487 

933538 

933588 

933639 

933690 

933740 

933791 

933841 

933892 

933943 

51 

859 

933993 

934044 

934094 

934145 

934195 

934216 

934296 

93131? 

931397 

934448 

51 

800 

934498 

934549 

934599 

934650i934700 

931751 

934801 

931852 

934902 

934953 

60 

8G1 

935003 

935054 

935101 

935154 935205 

935255 

935306 

935356 

935400 935457 

50 

802 

935507 

935558 

935608 

035658 935709 

935759 

935809 

935860 

935910 

935960 

50 

863 

93G01I 

936001 

936111 

930162:936212 

936262 

936313 

936363 

930413 

936463 

60 

804 

936514 

936564 

936614 

936661'936715 

936765 

93681» 

936865 

936916 

936966 

60 

805 

937016 

937066 

937116 

937107 937217 

937267 

937317 

937367 

937418 

937468 

50 

800 

937518 

937568 

937618 

937668 937718 

937769 

937819 

937869 

937919 

937960 

50 

807 

938019 

938069 

938119 

938169938219 

938269 

938319 

938370 

938420 

938470 

50 

808 

938520 

938570 

938620 

938670 938720 

938770938820 

938870 

938920 

938970 

50 

869 1 

939020 

939070 

939120 

039170 9392209392701939319 

939369 

939419 

939169 

50 

870 

939519 

939569 

939619 

9390691939719 >39769 

939819 

939868 

939918 

939968 

50 

871 

940018 

940068 

910118 

9401681940218 

910267 

910317 

940367 

910117 

940467 

60 

872 

940516 

940566 

940616 

940606j940716 

940765 

910815 

940865 

940915 

940964 

50 

873 

941014 

94106*1 

941114 

9411631941213 

941263 

941313 

941302 

941412 

941462 

50 

874 

941511 

941561 

911611 

941660:911710 

941760 

941809 

941859 

941909 

941958 

50 

875 

942008 

942058 

942107 

942157 912206 

942256 

942806 

942355 

942405 

•42404 

50 

87G 

942501 

942551 

942603 

942653 942702 

912752 

942801 

942851 

942900 

942950 

50 

877 

943000 

943049 

943099 

943148 I 943I98'943217 

943297 

943346 

943396 

943445 

49 

878 

913494 

943544 

943593 

943C43|943692j943742 

943791 

943841 

943890 

913939 

49 

879 

943989 

944038 

944088 

944137 JO 14186J944236 

944285 

944335 

944384 

944133 

49 


0 

1 

2 

3 

4 

5 

a 

7 

8 

9 












































TABLE XXIV. 

LOGARITHMS OF NUMBERS. 


No. 8800-9400 

0 I 112 13 

944483 944532 944581 944631 
944976 945025 945074 945121 
915469 94551 h 945567 945616 
945961 946010 916059 9461 Oh 
916452 946501 946550 946600 
946943 946992 947041 947090 
917434 947483 947532 947581 £ 
917924 947973 948021 948070 ! 
948413 948462 948511 948560 ! 
948902 948951 948999 94904* I 
949390 949439 949488 949536 ' 
949878 949926 949975 950024 £ 
950365 950113 950462 950511 £ 
950851 950900 950949 950997 i 
951337 951386 951435 951483 £ 
951823 951872 951920 9519601 
952308 952356 952405 952 453 1 
952792 952811 952889 952938 I 
953276 953325 953373 953421 1 


954242 95 4291 054339 954387 1 
954725 954773 954821 954869 L 
955206 955255 955303 955351 £ 
955688 955736 955784 955832 £ 
956168 956216 956264 956312 £ 
966649 956697 956745 956792 £ 
957128 957176 957224 957272 £ 
9576071957655 957703 957751 £ 
958086)958134 958181 958229 £ 
958564 958612 958659 958707 £ 


Log. 944483-973128. 

5 16 17 18 19 1 


944680 944729 S 
945173 9 45222 <J 
945665 945715 £3 
946157 946207 S 
946649 946698 0 
947139 947189 0 
□47630 Nm 
948119 948168 9 
948608 948657 9 
949097 919146 9 


9 944828 
2 945321 
1945813 
3 946305 
r916796 
S947287 
s 947777 
' 948266 
>948755 
> 949244 


944877 
945370 
9 4 5*62 
(946354 
946845 
947336 
947826 
948315 
948804 
949292 


944927 

945419 

945911 

946403 

946894 

9473S5 

(947875 

948364 

(948853 

949311 


3 949731 
) 950219 
r950705 
3951192 
) 951677 
1952163 
1 952647 
3953131 
3 953615 
) 954098 


9497801949829 
► 950267 £>50316 
950754 950803 
951240 951289 
951726 951774 
952211 952259 
952696 952744 
953180(953228 
953663 953711 
95414G 954194 


2 954580 954628 954677 

4 955062 955110 955158 

5 955543 955592 955640 

6 956024 956072 056120 

7 956505 956553 956601 
5 956984 957032 957 0 80 
B 957464 957511 957559 
4 957942 957990 958038 

3 958120 958468 958516 
0 958898 958946(958994 


I 959089! 
- 019500 
>960042 
1900518! 
> 960994! 
I 901469 ! 
>961943! 
) 962417 ! 


96378S 

964260 

964731 

965202 

965672 

966142 

966611 

9670S0 

967548 

968016 


959137 959184 £ 
959614 959661 £ 
960090 960138 £ 
960560 900613 £ 
961041 £>61069 1 
961516 961563 1 
961990 962038 £ 
962464 962511 £ 
962937 962985 £ 
963410 963457 £ 
963882 963929 £ 
964354 964401 £ 
96-4825 964872 £ 
965296 965343 £ 
965766 965813 £ 
966236 966283 £ 
9(36705 966752 £ 
967173 907230 £ 
9(37642 967688 £ 
968109 9681561 


3 963835 963882 £ 

> 964307 964354 £ 
1 964778 96-48251 
l 965249 965296 l 
! 965719 96576611 
! £>66189 9662361 
I 966658 9(36705 1 
>967127 967173 £ 
3 967595 967642 £ 
3 968062 968109 £ 
I 968530:9685761 

> 968996,969013 £ 
3 969462 969509 £ 
! 969928 969975 £ 
’ 970393 970440j£ 
J 970858 970904 £ 
>971322 9713691 
>971786 971832!* 
3 972249 97 22951 £ 

> 972712 972758|£ 


963977 964024 
964448 964495 
964919 964966 
965390 965437 
965860 965907 
966329 966376 
966798 966845 
967267 967314 
967735 967782 
968203 968249 
968070 968716 
969136 969183 
969002 969(349 
970068 970114 
970533 970579 
970997 9710 44 
971461 971508 
971925 971971 
972388 972434 
972851 972897 


) 959328 959375 959423 
r 959804 959852 959900 
1 960281 960328 960376 

> 960756 900804 960851 
1961231 961279 961326 
i 961706 961753 961801 
i 962180 962227 962275 
3 962G53 962701 962748 

> 963126 963174 963221 

! 963599 963646 963693 1 
1 964071 964118 964165 
3 964542 964590 964637 
3 965013 965000 965108 
r 9G5484 965531 965578 
r 965954 9G600I 966048 
3 966423 906470 966517! 
3 966892 966939 966986 
I 9673G1 967408 967454 
l 967829 967875 967922 

> 968296 968343 968389 
3 9(387631968810 968856 
\ 969229 969276 969323 
) 969(395 969742 969788 
I 970161 970207 970254 
) 970G26 970672 970719 
1971090 971137 971163 
' 971554 971000 971647 
l 972018 972061 972110 
I 972480 972527 972573 
r 972943 972989 973035 


959947 

>960423 

'960899 

961374 

961848 

962322 

962795 

9(3320* 

1963741 

96427? 

964684 

965155 

1905625 

(966095 

966564 

9G7033 

967501 

967969 

968436 

968903 " 

969369 

969835 

970300 

970765 

971229 

971693 

972156 

972619 

973082 













TABLE XXIV. 

LOGARITHMS OF NUMBERS. 


No. 9400-10000 


No. 0 


Log. 973128-000000 


940 973128! 

941 9735901! 

942 974051 

943 974512 

944 974972! 

945 975432! 

946 975891! 

947 976350! 

948 976808! 

949 977266! 
_ 977724 ! 

951 978180! 

952 978637! 

953 979093! 
951 979548! 

955 980003! 

956 980456! 

957 980912! 

958 981365! 

959 981819! 


960 982271! 

961 982723! 

962 983175! 

963 983626! 

964 984077! 

965 984527! 

966 984977! 

967 985426! 

968 985875! 

969 986324! 


970 986772! 

971 987219! 

972 987666! 

973 988113! 

974 988559! 

975 989005! 

976 989450! 

977 989895! 

978 990339! 

979 990783! 

980 991226 ! 

981 991669! 

982 992111 ! 

983 992553! 

984 992995! 

985 993436! 

986 993877! 

987 994317! 

988 994757! 

989 995196! 

990 995635! 

991 996074! 

992 996512! 

993 996949! 

994 997386! 

995 997823! 

996 998259! 

997 998695! 

998 999130! 

999 999565! 


973174 973220 973266 973313 
1973636 973682 973728 973774 
974097 974143 974189 974235 
974558 974604 974650 974696 
975018 975064 975110 975156 
975478 975524 975570 975616 
975937 975983 976029 976075 
976396 976442 976487 976533 
976854 976900 976946 976991 
977312 977358 977403 977449 
977769 977815 977861 977906 
978226 978272 978317 978363 

(VTQ£OQ 07 lTOu fV7Q77 J fWOOW1 


978683 978728! 
979138 979184! 
979594 979639! 
980049 980094! 
980503 980549 ! 
980957 981003! 
981411 981456! 
981864 981909! 


3 973359 973405 973451 973497 973543 

4 973820 973866 973913 973959 974005 

5 974281 974327 974373 974420 974466 
G 974742 974788 974834 974880 974926 

6 975202 975248 975294 975340 975386 
G 975661 975707 975753 975799 975845 
5 976121 976166 976212 976258 976304 
3 976579 976625 976671 976717 97G7G2 
1 977037 977083 977129 977175 977220 
9 977495 977541 977586 977632 977678 
G 977952 977996 978043 978089 978135 
3 978409 978454 978500 978546 978591 
9 978865 978911 978956 979002 979047 
5 979321 979366 979412 979457 979503 
9 979776 979821 979867 979912 979958 
5 980231 980276 980322 980367 930412 
3 980685 980730 980776 930821 980867 
1 981139 981184 981229 981275 981320 
I 981592 981637 981683 981728 981773 
) 982045 982090 982135 982181 982226 


l 982497 982543 982588 982633 982678 
1 982949 982994 983040 983085 983130 
} 983401 983 146 933491 983536 983581 
r 983852 983897 983942 963987 984032 
r 984302 984347 984392 984437 984482 
r 984752 984797 984842 984887 984932 
r 985202 985247 985292 985337 985382 
i 985651 985696 985741 985786 985830 
> 986100 986144 986189 986234 986279 
l 986548 986593 986637 986682 986727 


l 986995 967040 987085 987130 987174 
1 987443 987487 967532 987577 987622 

> 987890 987934 987979 988024 988068 
I 988336 988381 988425 988470 988514 
r 988782 988826 988871 988915 988960 
l 989227 989272 989316 989361 989405 
$ 989672 989717 989761 989806 989850 

> 990117 990161 990206 990250 990294 

> 990561 990605 990650 990694 990738 
) 991004 991049 991093 991137 991182 
1 991448 991492 991536 991580 991625 

> 991890 991934 991979 992023 992067 
J 992333 992377 992421 992465 992509 
) 992774 992818 992863 992907 992951 
l 993216 993260 993304 993348 993392 
1 993657 993701 993745 993769 993833 
\ 994097 994141 994185 994229 994273 
l 994537 994581 994625 994669 994713 
\ 994977 995021 995064 995108 995152 
i 995416 995460 995504 995547 995591 




























TABLE XXV. 

LOGARITHMIC SINES AND TANGENTS. 


0 Decree. 


0 Degree. 


M s Sine. | Diff. Tang, s m m s Sine. Diff.l Tang. 8 I*] 


5 ^GOotl 301030 

cimSS 170091 


6^0720 ™*J 
6.53067:1 VSS 
6.588665 
6.639817 
6.685575 Jgg 
6.726967 jlf 03 
6:764756 
6.799518 3 *™ 
6.831703 SfAS 

6.861666 Sri; 

6.889695 
6.916021 
6.910847 
6.961328 ™ 
6.986605 .ifr , 0 
7.007794 
7.027997 fgg 
7.047303 

- 7 00 ^ 17729 
7.083515 |jQ 33 
7.100548 
7.116938 
7.132733 }Ji" 
7.147973 JjgJ 

I llgjggg 14210 
7.176936 ,o 7H o 
7.190725 
7.201089 
7.217051 
7.229643 

7-2HH77 JfSU 

7.253776 I,.™ 
7.265358 ,,S2f 
7.276639 }ASq! 
7.287635 ^ 

7.298358 

-L 3 ^ 10219 
7.319043 Qfl: 
7.329027 97 qq 
7.338787 
7.348332 ^ 

7.3.57672 %IU 
-L - 300 * 10 8955 

VSSZ £K 

7.393145 SKo 

7 ** 1098/0 
7.409850] nils 

7.41796 8 2J1J 

7.425937 7H .>, 

7.433762 7 ^T 7 

7.441419 

7.449002 

7.456426 7 4qo 

7.46S725 


|Co-sipe.| Diff. I Co-tan. 1 
89 Degrees. 


5.685575 50 

5.986605 40 

6.162696 30 

6.287635 20 
6.384545 10 

6.163720 _ 

6.530673 50 
6.588065 40 
6.639817 30 

6.685575 20 
6.72G067 10 
6.764756 
6.799518 50 
6.831703 40 
6.861666 30 
6.889095 20 
6.916021 10 

6.940817 _ 

6.964329 50 

6.986605 10 
7.007791 30 
7.027998 20 
7.017303 10 
7.065786 
7.083515 50 
7.100518 10 
7.116939 30 
7.132733 20 
7.117973 10 

7 .162696 
7.176937 50 
7.190725 40 
7.201089 30 
7.217051 20 
7.229643 10 

7.241876 _ 

7.253777 50 
7.265359 40 
7.276610 30 

7.287635 20 
7.298359 10 
7.308825 
7.319014 50 
7.329028 40 
7.33878* 30 
7.348333 20 
7.357673 10 
7.366 817 
7.37577U 50 
7.084540 40 
7.393116 30 
7.401579 20 
7.409352 10 
7.417970 
7.425939 50 
7.433761 40 
7.441451 30 
7.449004 20 
7.456428 10 
7.463727 


M I 11 


58 12 


57 13 


55 15 


54 10 


153 17 


52 | 18 I 


51 191 


50 20 


7.170904 

7.477966 

7.481915 

7.491751 

7.498187 

7.565118 

7.511619 

7.518083 

7.524423 

7.530672 

7.536832 

7.512906 

7.5 48897 

7.554806 

7.560635 

7.566387 

7.572065 

7.577668 

7.583201 

7.588664 

7.594659 

7.599388 

7.604652 

7.609853 

7.611993 

7.620072 

7.625093 

7.630056 

7.634963 

7.(>39816 

7.64-1615 ( 

7.619361 

7.651056 

7.658701 

7. (163297 

7.667844 

7.672345 

7.676799 

7.G81208 

7.685573 

7.689894 

7.69117 3 

7.698410 

7.702606 

7.706762 

7.710879 

7.7149.57 

7.718997 

7.722999 

7.720965 

7.730896 

7.731791 

7.738651 

7.712177 

7.716270 

7.750031 

7.753758 

7.7.57454 

7.761119 

7.761754 


7.47i)9UO 50 ! 
7.477968 40 
7.481917 30 
7.491756 20 
7.498190 10 

7.505120 _ 49 

7.511651 50 
7.518085 40 
7.524426 30 
7.530G75 20 
7.53G835 10 

7.542909 _148 

7.548899 50 
7.554808 40 
7.560638 30 
7.566390 20 
7.572068 10 

7.577671 _ 147 

7.583204 50 
7.588667 40 
7.591062 30 
7.599391 20 
7.664655 10 

7.609857 _I 46 

7.611996 50 
7.620076 40 
7.625097 30 
7.6300)30 20 
7.63-1968 10 

7.639820 _45 

7.644619 50 
7 .(>19366 40 
7.631061 SO 1 
7.658706 20 
7.663301 10 

7.667819 _144 

7.672350 60 
7.676804 40 
7.681213 30 
7.685578 20 
7.689900 10 

7.091179 _ 44 

7.698416 50 
7.7026121 40 
7.7(X>768 II ; 
7.710886 SO 
7.714962 10 
7.719003 l 4- 

7.723006 50 
7.720972 40 
7.730902 30 
7.731797 20 
7.73SG5S 10 

7.742481 _ 41 

7.746277 50 
7.730037 40 
7.753765 30 
7.757162 20 
7.761127 10 1#1 
7.764761 !4 ° 


M || M I s I Co-sine.lDiff.! Co-tan. I 
II B9 Degrees- 





TABLE XXV. 

LOGARITHMIC SINES AND TANGENTS, 


105 


0 Degree. 

0 Degree. 

B 

s 

Sine. 

Diff. 

Tang. 

s 

M 

M 

s 

Sine. 

Diff. 

Tang. 

s 

M 

20 

21 

22 

23 

24 

25 

20 

27 

28 

29 

30 

0 

7.764754 

3604 

3575 

3545 

3517 

3488 

3161 

3433 

3106 

3380 

33.34 

3328 

3303 

3276 

3253 

3229 

320.5 

3182 

3158 

3136 

3114 

3091 

3069 

3018 

302<i 

3000 

2985 

2965 

2944 

2924 

2905 

2886 

2867 

2848 

2830 

2811 

2793 

2775 

2757 

2740 

2723 

2706 

2689 

2673 

2656 

2610 

2621 

2609 

2593 

2577 

2562 

2547 

2532 

2518 

2503 

2489 

2475 

2161 

2117 

2133 

2420 

7.764761 


40 

39 

38 

37 

30 

35 

34 

33 

32 

31 

30 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


7.940842 

2406 

2393 

2379 

2367 

2354 

2341 

2329 

2316 

2364 

2292 

2280 

2268 

2256 

2244 

2233 

2221 

2210 

2199 

2188 

2177 

2166 

2155 

2145 

2134 

2124 

2113 

2103 

2093 

2083 

2073 

2063 

2053 

2044 

203-1 

2025 

2015 

2000 

1997 

1988 

1978 

1970 

1961 

1952 

1943 

1935 

1926 

1917 

1909 

1900 

1893 

1884 

1876 

1868 

1860 

1852 

1814 

1836 

1828 

1821 

1813 

7.910858 


30 

29 

28 

27 

20 

25 

24 

23 

22 

21 

20 

10 

20 

30 

10 

50 

7.768358 

7.771932 

7.775477 

7.778991 

7.782482 

7.785913 

7.768365 

7.771940 

7.775485 

7.779002 

7.782490 

7.785951 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

7.943248 
7 .Mf64l 
7.948020 
7.950387 
7.952741 
7.965062 

7.943265 
7.948668 
7.918037 
7.950401 
7.952758 
7.955100 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

7.789370 

7.792782 

7.706162 

7.799515 

7.802813 

7.806146 

7.769384 

7.792790 

7.796170 

7.799.521 

7.802852 

7.806155 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

10 

20 

30 

40 

50 

7.967411 

7.959727 

7.962031 

7.961322 

7.966602 

7.968870 

7.957428 

7*969746 

7.962619 

7.961341 

7.966621 

7.968889 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

7.809424 

7.812677 

7.815906 

7.819111 

7.822292 

7.825451 

7.809433 

7.812686 

7.815915 

7.819120 

7.822302 

7.825460 

50 

40 

30 

20 

10 

7.971126 

7.973370 

7.975603 

7.977824 

7.980034 

7,982233 

7.971145 

7.973389 

7.975622 

7.977844 

7.980654 

7.9822.53 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

7.628586 
7.831700 
7.834791 
7.837860 
7.810907 
7-843934 

7.828590 

7.831710 

7.834801 

7.837870 

7.840918 

7.8439-1-1 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

7.984421 

7.966598 

7.988761 

7.990919 

7.993061 

7.995198 

T. 981441 
7.986619 
7.988785 
7.990910 
7.993085 
7.995219 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

7.816939 
7.849924 
7.852889 
7.855833 
7.858757 
7.861662 

7.846950 
7.819935 
7.852900 
7.855841 
7.858769 
7.861674 

50 

40 

30 

20 

10 

10 

20 

SO 

40 

50 

7.997322 

7.999435 

8.001538 

8.003631 

8.005714 

8.007787 

7.997343 

7.999457 

8.001500 

8.003653 

8.005736 

8.007809 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

7.864546 

7.867415 

7.870262 

7.873092 

7.875903 

7.878693 

7.861560 

7.867420 

7.870274 

7.873104 

7.875915 

7.878766 

50 

10 

30 

20 

10 

10 

20 

30 

40 

50 

8.009850 

8.011903 

8.013947 

8.015981 

8.018006 

8.020021 

8.009872 

8.011926 

8.013970 

8.01G004 

8.018029 

8.020045 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

7.881470 
7.881226 
7.886966 
7.869691 
7.892396 
7*806065 

7.881483 
7.88-1240 
7.886981 
7.889704 
7.892410 
7.895099 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.022027 

8.021023 

8.026011 

8.027989 

8.029959 

8.031920 

8.022051 

8.024048 

8.926035 

8.028014 

8.029984 

8.031915 

50 

10 

30 

20 

10 

10 

20 

30 

40 

50 

7.897758 

7.900114 

7.903054 

7.905678 

7.908287 

7.910879 

7.897772 
7.900128 
7.903068 
7.90 ;5692 
7.908301 
7.910894 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.033871 

8.035814 

8.037749 

8.039675 

8.041592 

8.043501 

8.033897 

8.035810 

8.037775 

8.039701 

8.611618 

8.613527 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

~W 

20 

30 

40 

50 

7.913457 

7.916019 

7.918666 

7.921098 

7.923616 

7.926119 

7.913471 

7.916034 

7.918581 

7.921113 

7.923631 

7.926134 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.645401 

8.617291 

8.619178 

8.651054 

8.052922 

8.054781 

8.045428 

8.047321 

84)49205 

8.051081 

8.052949 

8.654809 

50 

40 

30 

20 

10 

7.928608 

7.931082 

7.933543 

7.933990 

7.938422 

7.940842 

7.928623 

7.931098 

7.933559 

7.936006 

7.936139 

7.940858 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.066633 

8.058477 

8.060311 

8.062142 

8.063963 

8.065776 

8.05(>661 

8.058506 

8.060342 

8.062171 

8.063992 

8.065806 

50 

40 

30 

20 

10 

D 

D 

Co-sine. 

Diff. 

Co-tan. 

S 

m 

ra 

S 1 

Co-sine. 

Diff. 

Co-tan. 

i 

B 

89 Degrees. 

89 Degrees. 


() 












TABLE XXV. 

LOGARITHMIC SINES AND TANGENTS. 


0 Degree. 


Sine. Diff. Tang, s 


8.007682 
8.000380 
8.071171 
8.079066 
8.074731 
8.07G500 
8.078261 
8.080010 
8.081761 
8.083501 
8.085238 
8.080965 
8.088686 
8.000398 
8.002101 
8.003801 
8.005107 
8.007183 
8.008863 
8.100537 
tf.102204 
8.103861 
8.105510 
8.107167 
8.108800 
8.110115 
8.112074 
8.113607 
8.115315 
8.11002 6 
8.118532 
8.120131 
8.121725 
8.123313 
8.121895 
8.126171 
8.128042 
8.120607 
8.131166 
8.132720 
6.134268 
8.135810 
8.137348 
8.138880 
8.140406 
8.141927 
8.143443 
8.144953 
8.146459 
8.147950 
8.149453 
8.150943 
8.152428 
8.153907 
8.155382 
8.156852 
8.158316 
8.150776 
8.161231 
8.162681 


8.067612 50 
8.0691U) 40 
8.071201 30 
8.072085 20 
8.074761 10 

8.076531 _ 

8.078293 50 
8.080018 40 
8.081705 30 
8.083536 20 
8.086270 10 
8.080997 _ 
8.088717 50 
8.000130 10 
8.002137 30 
8.003837 20 
8.095530 10 
8.007217 
8.008807 50 
8.100571 40 
8.102230 30 
8.10:1800 20 
8.105551 10 
8. 107202 _ 
8.108815 ~5<r 
8.110481 40 
8.112110 30 
8.113731 20 
8.115352 10 
8.110963 
8.118560 50 
8.120160 40 
8.121763 30 
8.123351 20 
8.124033 10 
8.126510 
8.128081 50 
8.120616 40 
8.131206 30 
8.132760 20 
8.134308 10 
8.135851 
8.137389 50 
8.138021 10 
8.110447 30 
8.141969 20 
8.143485 10 
8.144996 
8.146501 50 
8.148002 40 
8.149497 30 
8.150987 20 
8.152472 10 
8.153952 
8.15542G 50 
8.156896 40 
8.158361 30 
8.159821 20 
8.161276 10 
8.162727 


0 Degree. 


Diff. Tang, s 


8.164J2G 
8.165566 
8.167002 
8.168433 
8.169850 
8.171280 
8.1721197 
8.174100 
8.175517 
8.17G920 
8.178310 
8.179713 
8.181102 
8.182488 
8.183860 
8.18.5245 
8.186617 
8.187985 
8.180318 
8.100707 
8.102062 
8.103413 
8.104760 
8.196102 
8.197440 
8.198774 
8.200104 
8.201130 
8.202752 
8.264070 
8.205384 
8.206694 
8.208000 
8.209302 
8.210601 
8.211895 
8.213185 
8.211472 
8.215755 
8.21703-1 
8.218309 
8.219581 
8.220819 
8.222113 
8.223374 
8.224631 
8.225681 
8.227131 
8.228380 
8.229622 
8.230801 
8.232096 
8.233328 
8.231557 
8.235782 
8.237003 
8.238221 
8.239136 
8.210617 
8.241855 


. 8.161172 50 
8.165613 40 
’ 8.167619 30 
8.168180 20 
8.109900 10 
8.171328 
8.172745 50 
8.174158 40 
8.175566 30 
8.17G9G9 20 
8.178368 10 
8.179763 
8.181152 50 
8.182538 40 
8.183919 30 
8.185296 20 
8.186668 10 
8.188036 
8.189400 50 
8.1907G0 40 
8.192115 30 
8.193466 20 
8.194813 10 
8.1961.56 
8.197404 50 
8.198829 40 
8.200159 30 
8.201485 20 
8.202808 10 
8.204126 
8.205440 50 
8.206750 40 
8.208057 30 
8.209359 20 
8.210658 10 
8.211053 
8.213243 50 
8.214530 40 
8.215814 30 
8.217093 20 
8.218369 10 
8.219641 
8.220009 50 
8.222174 40 
8.223-135 30 
8.224692 20 
8.225945 10 
8.227195 
8.228442 50 
8.229685 40 
8.230924 30 
8.232160 20 
8.233392 10 
8.234621 
8.235846 50 
8.2370GS 40 
8.238286 30 
8.239501 20 
8.240713 10 
8.241921 


Co-sine.|Diff.l Co-tan. I 


89 Degrees. 


|Co-sine.|Diff.| Co-tan. 


89 Degrees. 










TABLE XXV. 

LOGARITHMIC SINES AND TANGENTS 


107 


1 Degree. 


M 

s 

Sine. 

Diff. 

Tang. 

s 

M 

M 

0 

0 

8.241855 

1205 

1201 

1198 

1195 

1191 

1188 

1185 

1182 

1178 

1175 

1172 

11G9 

1166 

1163 

1159 

1157 

1153 

1150 

1148 

1144 

1141 

1138 

1136 

1132 

1129 

1127 

1121 

1121 

1118 

1115 

1112 

1109 

1106 

1104 

1101 

1098 

1096 

1093 

1090 

1087 

1084 

1081 

1079 

1077 

1073 

1071 

1068 

1066 

1003 

1000 

1058 

1055 

1053 

1050 

1048 

1045 

1042 

1040 

8.241921 


GO 

10 

10 

8.2430(H) 

8.243120 

50 



20 

8.214201 

8.214328 

40 




30 

8.245459 

8.21.5520 

30 




40 

8.240654 

8.240721 

20 




50 

8.247845 

8.247913 

10 



1 


8.249033 

8.219101 


59 

11 


10 

8.250218 

8.250287 

50 




20 

8.251400 

8.251409 

40 




30 

8.252578 

8.252048 

30 




40 

8.253753 

8.253823 

20 




50 

8.254925 

8.254990 

10 



2 


8.256094 

8.250165 


58 

12 


10 

8.257200 

8.257331 

50 




20 

8.258423 

8.258491 

40 




30 

8.259582 

8.259654 

30 




40 

8.260739 

8.260811 

20 




50 

8.261892 

8.261965 

10 



3 


8.263042 

8.263115 


57 

13 


10 

8.264190 

8.261203 

50 


20 

8.265334 

8.265408 

40 




30 

8.200-175 

8.266549 

30 




40 

8.207013 

8.267688 

20 




50 

8.268749 

8.268824 

10 



4 


8.269881 

8.269956 


56 

14 


10 

8.271010 

8.271086 

60 



20 

8.272137 

8.272213 

40 




30 

8.273200 

8.273337 

30 




40 

8.274381 

8.274458 

20 




50 

8.275499 

8.275576 

10 



5 


8.27«il4 

8.276691 


55 

15 


10 

8.277726 

8.277804 

50 




20 

8.278835 

8.278913 

40 




30 

8.279941 

8.280020 

30 




40 

8.281045 

8.281124 

20 




50 

8.282145 

8.282225 

10 



G 


8.283213 

8.283323 


54 

1G 


10 

8.281339 

8.284419 

50 




20 

8.285431 

8.285512 

40 




30 

8.286521 

8.286602 

30 




40 

8.287608 

8.287689 

20 




50 

8.288692 

8.288774 

10 



7 


8.289773 

8.2898.50 


53 

17 


10 

8.290852 

8.290935 

50 




20 

8.291929 

8.292012 

40 




30 

8.293002 

8.293080 

30 




40 

8.294073 

8.294157 

20 




50 

8.295141 

8.295220 

10 



8 


8.296207 

8.290292 


52 

18 

10 

8.297270 

8.29735.5 

50 




20 

8.298330 

8.998416 

40 




30 

8.299388 

8.299174 

30 




40 

8.300143 

8.300.530 

20 




50 

8.301496 

8.S01583 

10 



0 


8.302546 

8.302033 


51 

19 

10 

8.303594 

8.303082 

50 




20 

8.304639 

8.391727 

40 




30 

8.305081 

8.305770 

30 




40 

8.306721 

1038 

1035 

8.906811 

20 




50 

8.307759 

8.307849 

10 

50 

20 

10 

8.308791 

8.308884 


D 

El 

Co-sine. 

Diff. 

Co-tan. 

6 

M 

M 


88 Degrees. 


1 Degree. 


S 

Sine. 

Diff. 

Tang. 

s 

M 

0 

8.308794 


8.308881 


50 

10 

8.309827 

1033 

1030 

1028 

8.309917 

50 

20 

8.3108;“,7 

8.310948 

40 


30 

8.311885 

8.311970 

30 


40 

8.312910 

1025 

8.313002 

20 


50 

8.313933 

1023 

1021 

1018 

1015 

1011 

1011 

1008 

1007 

8.314025 

10 



8.3149,4 

8.315040 

49 

10 

8.315972 

8.310065 

50 


20 

8.310987 

8.317081 

40 


30 

8.318001 

8.318095 

30 


40 

8.319012 

8.319100 

20 


50 

8.320020 

8.320115 

10 



8.321027 

8.321122 


48 

10 

8.322031 

1061 

1002 

999 

997 

995 

992 

8.322127 

50 


20 

8.323033 

8.323129 

40 


30 

8.324032 

8.321128 

30 


40 

8.325029 

8.325126 

20 


50 

8.320024 

8.326121 

10 



8.32701G 

8.327114 


47 

10 

8.328007 

yyi 

988 

986 

984 

981 

979 

977 

975 

972 

971 

968 

960 

961 
961 
900 
958 
955 
953 
951 
950 
947 
915 
913 
940 
939 
937 
935 
933 
931 
928 
927 
925 
923 
921 
919 
917 
915 
913 
911 
910 
907 

8.328165 

50 

20 

8.328995 

8.329093 

40 


30 

9.329980 

8.330080 

30 


40 

8.330961 

8.331004 

20 


50 

8.331945 

8.332045 

10 



8.332924 

8.333025 


46 

10 

8.333901 

8.334002 

50 


20 

8.334870 

8.331977 

to 


30 

8.335848 

8.335950 

30 


40 

8 336819 

8.336921 

20 


50 

8.337787 

8.337890 

10 



8.338753 

8.338850 


45 

10 

8.339717 

8.339821 

50 


20 

8.340678 

8.340783 

40 


30 

8.341638 

8.341743 

30 


40 

8.312596 

8.342701 

20 


50 

8.313551 

8.343657 

10 



8.344501 

8.3-14010 


44 

10 

8.345455 

8.345502 

50 


20 

8.346165 

8.340512 

40 


30 

8.3473.52 

8.347459 

30 


40 

8.318297 

8.348465 

20 


50 

8.319240 

8.349348 

10 



8.350180 

8.350289 


43 

10 

8.35U19 

8.351229 

50 


20 

8.352050 

8.3521GO 

40 


30 

8JM1 

8.353101 

30 


40 

8.3.53921 

8.354035 

20 


50 

8.354855 

8.354900 

10 



8.355783 

8.355895 


42 

10 

8.350710 

8.356823 

50 


20 

8.357035 

8.357748 

40 


30 

8.166668 

8.358671 

30 


40 

8.359170 

8.868606 

20 


50 

8.300398 

8.360512 

10 



8.301315 

8.301430 

1 

41 

10 

8.302230 

8.302345 

50 


20 

8.363143 

8.363259 

40 


30 

8.361054 

8.361171 

30 


40 

8.361904 

8.365080 

20 


50 

8.365871 

8.365988 

10 

40 


8.3G6777 

90G 

8.366S91 


S 

Co-sine. 

Diff. 

Co-tan. 

El 

m 


88 Degree*. 














TABLE XXV. 

LOGARITHMIC SINES AND TANGENTS. 


1 Degree. 


Sine. Diff. Tang, s M 


JL3GG777 
8.307681 
8.868582 
8.369482 
8.370380 
8.371277 S' 
8.372171 £J{ 
8.373064 2m 
8.373955 5ft* 
8.3748-13 
8.375730 S' 
8.376615 5?; 
8.377499 
8.378380 55: 
8.3792*30 
8.380138 512 
8.381015 51; 
8.381889 5;* 
8.382762 
8.383633 5lA 
8.38-1502 555 

8.385370 555 
8 .386236 555 

8.387100 55.1 
8.387962 ™ 

8.388823 551 

8.389682 

8.390.539 551 

8.391395 555 
8.3922-19 
8.393101 
8.393951 55„ 
8.394800 5}; 
8.395647 5J; 
8.396193 5J5 
8.397337 ™ 
8.398179 51* 
8.899020 5fi 
8.399859 ^ 
8.400696 5i; 
8.401532 5,5 
8.402366 
8.403199 ™ 
8.404030 «?! 
8.461859 5r; 
8.405687 5f! 
8.406513 25? 
8.407338 2fj 
8.408161 5S 
8.408983 ™ 
8.409803 2fe 
8.410621 212 
8.411438 2J; 
8.412254 5!5 
8.413068 5 !.; 
8.413880 21? 
8.414691 5“ 
8.415500 595 
8.416308 595 

8.417114 595 
8.4179191 805 


8.367799 

8.368701 

8.369601 

8.379500 

8.371397 

8.372291 

8.373184 " 

8.374076 

8.374965 

8.SM6 

8.376738 

8.377622 

8.378501 " 

8.379385 

8.380263 

8.381140 

8.382015 

8.382889 

8.383760 " 

8.384630 

8.385498 

8.386361 

8.287229 

8.388092 

8.10013 

8.389812 

8.390670 

8.391526 

8.392381 

8.393231 

8.391085 “ 

8.391934 

8.39.5782 

8.396628 

6 .107472 

8.10115 

8.399156 

8.399996 

8.100831 

8.401879 

8.402505 

8.403338 

8.404170 “ 

8.406000 

8.405828 
8.406655 
8.407480 
8.408361 
8.409126" 
8.409916 
8.410765 
8.411583 
8.412399 
8.413213 
8.411026 
8.11 1837 
8.415647 
8.416456 
8.417262 
8.418068 


1 Degree. 


Sine. Diff. Tang, s m 

8.418068 _ 30 

8.418722 JJJ 8.418872 50 
8.419524 2* 8.419674 40 


8.120324 
8.421123 “g 
8.421921 
8.422717 
8.423511 !?i 
8.421361 ™ 
8.496006 
8.425886 
8.426675 "g 
8.427462 Z*[ 
8.428248 
8.429032 
8.429815 
8.436597 ^ 
8.431377 ™ 
8.462156 7< r 
8.432933 7 J1 
8.433709 
8.434481 I 7 ? 
8.435257 ™ 
8.436029 Ilf 
8.436800 
8.437569 ™ 
8.438337 
8.439103 I”? 
8.439868 
8.440632 
8.411391 
8.442155 ™ 
8.442915 
8.443674 
8.444431 
8.445187 

8.145941 

8.446094 
8.447446 I?f 
8.448196 I?I 
8.448946 f™ 
8.449094 7 ,” 
8.450440 
8.451186 If? 
8.451930 I” 
8.452673 If? 
8.453414 'I* 

ft 4141c . * 


8.454151 3q 
8.454893 ™ 
8.455631 If? 
8.456368 ™ 7 r 
8.457103 
8.457837 ijj 
8.458570 IjJ 
8.459301 ™ 
8.460032 
8.460761 'gj 
8.461489 I" 
8.462215 
8.462911 Jg 
8.463665 


8.418872 50 
8.419674 40 
8.420475 30 
8.421274 20 
8.422073 10 
8.422869 
8.423664 60 
8.424458 40 
8.425250 30 
8.426040 20 
8.426830 1 0 
8.427618 
8.428461 50 
8.429189 40 
8.429973 30 
8.430755 20 
V 131536 10 
8.432315 
8.433093 50 
8.433870 40 
8.431645 30 
8.435419 20 
8.436191 10 
8.136962 
8.437732 50 
8.438500 40 
8.439267 30 
8.410033 20 
8.410797 10 
8.441560 
8.442322 50 
8.443082 40 
8.113841 30 
8.144599 20 
8.445355 10 
8.416110 
8.446861 50 
8.44716 40 
8.448367 30 
8.449117 20 
8.449866 10 
8.450613 
8.451359 50 
8.452104 40 
8.452847 30 
8.453589 20 
8.454330 10 
8.455070 
8.455808 50 
8.456545 40 
8.457281 30 
8.458016 20 
8.458749 10 
8.459481 
8.460212 50 
8.460942 40 
8.461671 30 
8.402398 20 
8.463124 10 
8.463849 


| Co-sine.|Diff.| Co-tan. | 


B8 Degrees. 


M I s lCo-sine.|Diff.| Co-tan. I s • m 


88 Degrees. 













TABLE XXV. 

LOGARITHMIC SINES AND TANGENTS. 


109 


1 Degree. 


1 Degree. 


M 

S 

Sine. 

Diff. 

Tang. 

s 

M 

40 

0 

8.463665 

723 

722 

8.463849 


20 

10 

8.404388 

8.461572 

50 


20 

8.465110 

8.465295 

40 



30 

8.465830 

721 

8.466016 

30 



40 

8.466550 

720 

8.466736 

20 



50 

8.467268 

718 

717 

716 

715 

714 

713 

712 

710 

8.467455 

10 


41 


8.467985 

8.468172 


19 


10 

8.468701 

8.468889 

50 



20 

8.469416 

8.469604 

40 



30 

8.470129 

8.470318 

30 



40 

8.470841 

8.471031 

20 



50 

8.471553 

8.471743 

10 


42 


8.472263 

8.472454 


18 


10 

8.472971 

708 

707 

706 

704 

703 

702 

701 

700 

699 

698 

696 

695 

694 

693 

692 

691 

690 

8.473163 

50 



20 

8.473670 

8.473871 

40 



30 

8.474386 

8.474579 

30 



40 

8.475091 

8.475285 

20 



50 

8.475795 

8.475990 

10 


43 


8.476498 

8.476693 


17 


10 

8.477200 

8.177396 

50 


20 

8.477901 

8.478097 

40 



30 

8.478601 

8.478798 

30 



40 

8.479299 

8.479497 

20 



50 

8.479997 

8.480195 

10 


44 


8.480693 

8.480892 


10 


10 

8.481388 

8.481588 

50 



20 

8.482082 

8.482283 

40 



30 

8.482775 

8.482976 

30 



40 

8.483467 

8.483669 

20 



50 

8.4S4158 

8.484360 

10 


45 


8.484848 

8.485050 


15 


10 

8.485537 

689 

6S7 

686 

8.485740 

~50~ 



20 

8.486224 

8.486428 

40 



30 

8.486910 

8.487115 

30 



40 

8.487596 

686 

684 

8.487801 

20 



50 

8.488280 

8.488486 

10 


46 


8.488963 

683 

AQO 

8.489170 


14 


10 

8.489645 


8.489852 

50 



20 

8.490326 

681 

680 

8.490534 

40 



30 

8.491006 

8.491215 

30 



40 

8.491685 

679 

678 

8.491694 

20 



50 

8.492363 

8.492573 

10 


47 


8.493040 

677 

676 

675 

674 

673 

672 

671 

670 

669 

8.493250 


13 

10 

8.493716 

8.493927 

50 



20 

8.494390 

8.494602 

40 



30 

8.495061 

8.495276 

30 



40 

8.495736 

8.495949 

20 



50 

8.496108 

8.496622 

10 


48 


8.497078 

8.497293 


12 


10 

8.497748 

8.497963 

50 



20 

8.498416 

8.498632 

40 



30 

8.499081 

668 

667 

8.499300 

30 



40 

8.499750 

8.499967 

20 



50 

8.500415 

666 

665 

664 

663 

662 

660 

659 

8.500633 

10 


49 


8.501080 

8.501298 


11 


10 

8.501743 

8.501962 

50 



20 

8.502405 

8.502625 

40 



30 

8.503067 

8.503287 

30 



40 

8.503727 

8.503948 

20 


50 

50 

8.504386 

8.504608 

10 

10 


8.505045 

659 

8.505267 

M 

S 

Co-sine. 

Diff. 

Co-tan. 

S 

M 


88 Degrees. 


M 

S 

Sine. 

Diff. 

Tang. 

S 

M 

50 

51 

52 

53 

54 

55 

56 

58 

59 

GO 

0 

8.505915 

658 

657 

656 

655 

654 

653 

652 

651 

650 

619 
648 
647 
646 
645 
644 
643 
642 
641 
610 
639 
638 
637 
636 
635 
635 

631 
633 

632 
631 
630 
629 
628 
627 
626 
625 
625 
621 
623 
622 
621 

620 
619 
618 
617 
616 
616 
615 
614 
613 
612 
611 
610 
609 
608 
608 
607 
606 
605 
601 
603 

8.505267 


10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

10 

20 

30 

40 

50 

8.505702 

8.506358 

8.507014 

8.507668 

8.508321 

8.508974 

8.505925 

8.506582 

8.507238 

8.507893 

8.508547 

8.509200 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.509625 

8.510275 

8.510925 

8.511573 

8.512221 

8.512867 

8.509852 

8.510503 

8.511153 

8.511802 

8.512151 

8.513098 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.513513 

8.511157 

8.514801 

8.515444 

8.516086 

8.516726 

8.513744 

8.514389 

8.515034 

8.515677 

8.516320 

8.516961 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.517366 

8.518005 

8.518613 

8.519280 

8.519916 

8.529551 

8.617602 

8.518241 

8.518880 

8.519517 

8.520154 

8.520790 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.521186 

8.521819 

8.522451 

8.5230S3 

8.523713 

8.524343 

8.521425 

8.5*22059 

8.522692 

8.523324 

8.523956 

8.524586 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.521972 
8.525600 
8.526221) 
8.526852 
8.527477 
8.528102 

8.525215 

8.525844 

8.526172 

8.527098 

8.527724 

8.528349 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.528725 

8.529347 

8.529969 

8.530589 

8.531209 

8.531828 

8.528973 

8.529596 

8.530218 

8.530840 

8.531460 

8.532080 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.532446 

8.533063 

8.533679 

8.534295 

8.534909 

8.535523 

8.53209h 

8.533316 

8.533933 

8.534549 

8.535161 

8.535779 

50 

40 

30 

20 

10 

10 

20 

30 

10 

50 

8.536136 

8.536747 

8.537359 

8.537969 

8.538578 

8.539186 

8.536392 

8.537005 

8.537616 

8.538227 

8.538837 

8.539147 

50 

40 

30 

20 

10 

10 

20 

30 

40 

50 

8.539794 

8.540401 

8.541007 

8.541612 

8.542216 

8.5428191 

8.540055 

8.510662 

8.541269 

8.541875 

8.542180 

8.543084 

50* 

40 

30 

20 

10 

M 

S 

Co-sine. 

Diff. 

Co-tan. 

S 

M 


88 Degrees. 




TABLE XXV. . 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


0 Degree. 


Tang. | Diff. | Co-tan. 



16 7.667845 

17 7.694178 

18 7.718997 

19 7.742478 

20 7.764751 
~2l 7.7859*1 

22 7.806146 

23 7.825451 

24 7.843934 

25 7.861662 

26 7.878695 

27 7.895085 

28 7.910879 

29 7.926119 

30 7.940842 
"317.955082 

32 7.968870 

33 7.982233 

34 7.995198 

35 8.007787 

36 8.020021 

37 8.03191 * 

38 8.043501 

39 8.051781 

40 8.065776 

41 8.076500 

42 8.086965 

43 8.097183 

44 8.107167 

45 8.116928 

46 8.126471 

47 8.135810 

48 8.144953 

49 8.153907 

50 8.162681 


518.171280 

52 8.179713 

53 8.187985 

54 8.196102 

55 8.204070 

56 8.211895 

57 8.219581 

58 8.227134 
69 8.234557 
60 8.241855 



9.999992 

9.999991 

9.999990 

9.999989 

9.999989 

9.999988 

9.999987 

9.999986 

9.999985 

9.999983 

9.999982 

9.999981 

9.999980 

9.999979 

9.999977 

9.999976 

9.999975 

9.999973 

9.999972 

9.999971 

9.999969 

9.999968 

9.999966 

9.999904 

9.999963 

9.999961 

9.999959 

9.999958 

9.999056 

9.999954 


629bi 19 
57937 
53642 }* 
49939?* 
46715 J* 
43882 J* 
41373 \l 
39136?* 
37128 }* 
35,15 
33673 }* 
32176 {* 
30807 J* 
29549 }? 
28390 }* 
27318 }* 
26325?* 
26401{* 
24540?* 
23735 £ 
22982?* 
22275 }* 
21610 }* 
20983?f 
20392 }} 
19833?? 
19305 {{ 
18803 j? 
18327 ?} 
17875- 

17444 1 
17034 {} 

16642}} 
16268}} 
15911 }} 
15568}} 
15241 }} 

\AQ**T 11 



I* 


494880 10 
457091 10 
422328 10 
390143 10 
36018010 
332151 10 
305821 10 
280997 10 
257516 10 
23523910 
214049 10 
193845 10 
17454010 
15605610 
138326 10 
12129210 
10490110 
089106 10 
07386610 
05914210 
044900 10 
031111 10 
017747 10 
004781 10 
992191 10 
979955 10 
968055 10 
956473 10 
945191 10 
934194 10 
923469 10 
913003 10 
902783 10 
892798 10 
883037 10 
873490 10 
864149 10 


000002 12 
000003 12 
000003 12 
000004 12 
000004 12 
000005 12 
000005 12 
000006 12 
000007 12 
000007““ 
000008 
00000912 
000010 12 
00001112 
000011 12 
00001212 
000013 12 
000014 12 
000015 12 
000017 12 
000018 12 
000019 12 
000020 12 
000021 12 
000023 11 
00002111 
000025 11 
000027 11 
00002811 
00002911 
000031 11 
000032 11 
000034 11 
000036 11 



104915 

089121 

073881 

0591 


0311 
017767 
004802 
992213 
979979 
968081 

94521 . 

934224 



o-tan. I 


89 Degrees. 










































































































































a*mun* mi mm \immur 


TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SEC ANTE. 


1 Degree. 



iff.lCo-sine. 


q^i 0.999034 
££ 0.009932 
0.099920 

un l 990037 

9!999922 
0.099920 
™ 0.990918 
” 0.000915 
??? 0.090913 
9.000010 

10122 9 ' 999007 
9.099905 

0.999902 

O OOOfiOO 
q»I i “ «wvow 

XliX 0.999897 

hamI 9.999894 
946° q gqqgni 

nq«Q W.WWOffl 

9.099888 

W1W Q QQQOQr 
QIAO ».WW»0 

!!!! 9.999882 

r?rr 0.999879 

9.990876 
9.999873 
SRI 0.999870 
2225 9.909867 
9.990864 
9.099861 
Sfi: 9.099858 
SII 9.909854 
^ 9.999851 

7909 9 * 999848 
9.909844 

0.999841 
11?; 9.090838 

0.000834 

74 £ 9.009831 
iJS 9.900827 
9.009824 
VM* 9.990820 

T1QO 9.900813 
I™ 0.990809 
9.999805 
SSJ 0.999801 
0.999797 
0.099794 
Xll? 0.090700 
0.090786 
9.099782 

6548 A" y 78 

5489 9 • 999774 
5432 0.990769 
(ES* 0.990765 
iJlq 9.990761 
6264 9.099757 
8.5281021 if?? 9.990753 
0.990748 
9.909744 
0.999740 
0.999735 


M ICo-sine 


8 

8 . 

8 . 

8 . 

8. 

8.276691 

8.283323 

8.280856 

8.296202 

8.302634 

8.308884 

8.315046 

8.321122 

8.327114 

8.333025 

8.338856 

8.344610 

8.350289 

8.355895 

8.361430 

8.366895 

8.372202 

8.377622 

8.382889 

8.388092 

8.393234 

8.398315 

8.403338 

8.408304 

8.413213 

8.418068 

8.422869 

8.427618 

8.432315 

8.436962 

8.441560 

8.446110 

8.450613 

8.455070 

8.459481 

8.463849 

8.468172 

8.472454 

8.476693 

8.180892 

8.485050 

8.489170 

8.493250 

8.497293 

8.501298 

8.505267 

8.509200 

8.513008 

8.516961 

8.520790 

8.524586 

8.528349 

8.532080 

8.535770 

8.539447 

8.543084 



.11.684954 
: 11.678878, 
11.672886 

\ 11.666975 
(11.661144 
! 11.655390 
! 11.640711 
11.644105 
11.638570 
.11.633105 
! 11.627708 
! 11.622378 
,11.617111 
11.611908 
11.606766 
[11.601685 
11.596662 
(11.591696 
,11.586787 
11.581932 
11.677131 
11.572382 
; 11.567685 
11.563038 
11.558440 
111.553890 
11.540387 
11.544930 
11.540510 
11.536151 
11.531828 
(111.527546 
fill.523307 
1 11.519108 
11.514950 
! 11.510830 
ill.506750 
'11.502707 
f11.498702 

! 11.494733 

! 11.490800 
(11.486902 
11.483039 
(11.470210 
(11.475414 
(11.471651 
?11.467920 
(11.464221 
11 . 

Ml. 


Tang. | 


Secant. 


11.758145 
11.750067 
11.743906 
11.736058 
11.730110 
11.723386 55 
11.716757 54 
11.710227 53 
11.703703 
11.607454 
11.601206 
10.000093 11.685046 
10.000095 11.678973 
10.00009811.672084 
10.000101 11.667076 
10.00010311.661247 
10.00010611.666406 
10.00010911.64981 
10.00011211.644217 
10.000115 11.638685 
10.00011811.633223 

10.00012111._ 

10.00012411.622601 
10.00012711.617238 
10.00013011.612038 
10.000133 11.6068991 35 
10.000136ll.60182l| 34 
10.00013911. 
10.00014211.5 
10.00014611. 
10.00014911. 
10.00015211.577283 
10.00015611.572538 
10.000150 11.567844 
10.00016211.663200 
10.00016611.558606 
10.00016911.664050 
10.00017311.549560 
10.00017611.545107 
10.00018011 
10.00018411. 


10.000187 

10.000191 

10.000195 

10.000199 

10.000203 

10.000206 

10.000210 

10.000214 

10.000218 

10.000222 

10.000226 

10.000231 

10.000235 

10.000239 

10.000243 

10.000247 

10.000252 

10.000256 

0.000260 

0.000265 


Co-sec. I 


11 . 

11.1 
11.< 
11.519307 
11.515152 
11.511037 
11.506960 
11.502922 
11.408920 
11.404055 


11.487 
11.482! 
11.47 
11.47owf 
11.471 
11.461 
11.464 
11.460b, 
11.457181 


I Secant. I m 


88 Degrees. 


assaaaaas 22SSSSSSS3S ** 




















































































































































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


M Sine. Diff. Co-sine. D. 

~T 8.718800 9.999404 ~ 

1 8.721204 «oKi 9.999398 

2 8.723595 9.999391 

3 8.725972 IXTf 9.999384 J? 

4 8.728337 oqTq 9.999378 19 

5 8.730688 i-Ax 9.999371 

6 8.733027 9.999364 

7 8.735354 -oil 9.999357 

8 8.737667 9.999350 

9 8.739969 9.999343 

10 8.742259 9.999336 


i.787736 
5.789787 
5.791828 
5.793859 
5.795881 
5.797894 
5.799897 
5.801892 
5.803876 
5.805852 


51 8.827011 

52 8.828884 

53 8.830749 

54 8.832607 

55 8.834456 

56 8.836297 

57 8.838130 

58 8.839956 

59 8.841774 

60 8.843585 

M Co-sine 


if . y.' JJOU _ 0 

9.999329 * 

9.999322 \t 

9.999315 \t 

9.999308 \t 

9.999301 

9.999294 t* 

9.999287 

9.999279 

9.999272 

9.999265 * 

9.999257 * 

9.999250 

9.099242 f 9 

9.999235 

9.999227 

9.999220 

9.999212 

9.999205 It 

9.999197 

9.999189 

9.999181 * 

9.999174 

9.999166 

9.999158 

9.999150 

9.999142 tZ 

9.999134 

9.999126 

9.999118 it 

9.999110 

9.999102 * 

9.999094 

9.999086 it 

9.999077 fjj 

9.999069 it 

9.999061 

9.999053 

9.999044 

9.999036 

9.999027 

9.999019 I? 

9.999010 „ 

9.999002 f; 

9.998993 

9.998984 

9.998976 it 

9.998967 

9.998958 

9.998950 ^ 

9.998941 15 


3 Degrees. 


Tang. DifF. 

8 . 71 9396 ~ 

8.721806 JXi' 

8.724204 'jr? 

8.726588 

8.728959 

8.731317 

8.733663 XXXr 

8.735996 

8.738317 tt™ 

8.740626 

8,742922 

8.745207 r2?I 

8.747479 

8.749740 3^0 

8.751989 

8.754227 tlf 

8.756453 

8.758668 

8.760872 

8.763065 

hi™™ 

8.767417 
8.769578 
8.771727 mi 
8.773866 
8.775995 **** 
8.778114 
8.780222 I 5 }.; 
8.782320 oion 
8.764408 tVt 0 . 

3447 

8.788554 « i<n 
8.790613 
8.792662 
8.794701 
8.796731 
8.798752 !*?? 
8.800763 
8.802765 HI 7 

8.806742 
8.808717 o 977 
8.810683 
8.812641 tfr* 
8.814589 titt 
8.816529 I* 6 * 
8.818461 m 
8.820384 "fX* 
8.822298 ti" 
8.824205 till 
8.826103 
8.827992 zj™ 
8.829874 
8.831748 JJ" 
8.833613 |iXX 
8.835471 JJg 
8.837321 Z S l 

8.840998 
8.842825 
8.844644 5032 

Co-tan. 


Co-tan. I Secant. I Co-sec. I 


.11.280604 10. 

11.278194 10. 
! 11.27579610. 
; 11.273412 10. 
I 11.271041 10. 
11.268683 10. 
11.266337 10. 
11.264004 10. 
11.261683 10. 
11.259374 10. 
r 11.25707810. 

11.254793 10. 
, 11.252521 10. 

11.250260 10. 
! 11.248011 10. 
11.245773 10. 
11.243547 10. 
: 11.241332 10. 
! 11.23912810. 
! 11.236935 10. 
111.234754 10. 
11.23258310. 
11.230422 10. 
: 11.228273 10. 
* 11.226134 10. 
11.224005 10. 
11.22188610. 
; 11.21977810. 
.11.217680 10, 
11.21559210. 
111.213514 10. 
, 11.21144610. 
! 11.209387 10. 
! 11.207338 10. 
11.20529910. 
11.203269 10. 
! 11.201248 10. 
; 11.199237 10. 

> 11.197285 10. 
: 11.195242 10. 
111.193258 10. 
r 11.191283 10. 

> 11.189317 10. 
; 11.187359 10. 
.11.185411 10. 

11.183471 10. 
11.18153910. 
| 11.17961610. 
r 11.177702 10. 
.11.175795 10. 
11.173897 10. 


.000819 

.000826 

.000834 

.000842 

.000850 

.000858 

.000866 

.000874 

.000882 

.000890 


.11.172008 
11.170126 
11.168252 
.11.166387 
[11.164529 
11.162679 
' 11.160837 
11.159002 
111.157175 
'11.155356 

' Tang. 


10.000981 

10.000990 

10.000998 

10.001007 

10.001016 

10.001024 

10.001033 

10.001042 

10.001050 

10.001059 

Co-sec. 


>11.281200 
! 11.278796 

> 11.276405 
i 11.274028 
! 11.271663 
>11.269312 
i 11.266973 

> 11.264646 

> 11.262333 
r 11.260031 
l 11.257741 
L 11.255464 
>11.253198 
i 11.250945 
i 11.248703 

> 11.246472 
>11.244253 

> 11.242045 
L 11.239849 
*11.237663 

> 11.235489 

>11.233325' 
) 11.231172 

> 11.229030 

> 11.220899 

> 11.224777 

> 11.222667 
*11.220566 
i 11.218476 

> 11.216395 
11.214325 

>11.212264 ' 
>11.210213 
l 11.208172 
\ 11.206141 
HI.204119 
111.202106 

> 11.200103 
l 11.198108 
\ 11.196124 
HI.194148 
ill.192181 ’ 
111.190223 

111.188274 
I 11.186333 
i 11.184401 
>11.182478 
p 11.180564 
>11.178657 
I 11.176760 
>11.174870 
1 11.172989" 
>11.171116 
>11.169251 
’ 11.167393 
>11.165544 
111.163703 
I 11.161870 
! 11.160044 
>11.158226 
>11.156415 

Secant. 






M 

Sine. 

0 

8.843585 

1 

8.845387 

2 

8.847183 

3 

8.848971 

4 

8.850751 

5 

8.852525 

0 

8.854291 

7 

8.856049 

8 

8.857801 

9 

8.859546 

10 

8.861283 

11 

8.863014 

12 

8.864738 

13 

8.806455 

14 

8.868165 

15 

8.809868 

16 

8.871565 

17 

8.873255 

18 

8.874938 

19 

8.870615 

20 

8.878285 

21 

8.879949 

22 

8.881607 

23 

8.883258 

24 

8.884903 

25 

8.886542 

26 

8.888174 

27 

8.889801 

28 

8.891421 

29 

8.893035 

30 

8.894643 

31 

8.696246 

32 

8.897842 

33 

8.899432 

34 

8.901017 

35 

8.902596 

36 

8.904169 

37 

8.905736 

38 

8.907297 

39 

8.908853 

40 

8.910404 

41 

8.911949 

42 

8.913488 

13 

8.915022 

44 

8.916550 

45 

8.918073 

46 

8.919591 

47 

8.921103 

48 

8.922610 

49 

8.924112 

50 

8.925609 

51 

8.927100 

52 

8.928587 

53 

8.930068 

54 

8.931544 

55 

8.933015 

56 

8.934481 

57 

8.935942 

58 

8.937398 

59 

8.038850 

60 

8.940296 


Co-sine 


e. IDifF.ICo-sine.l D. I lang. iDiffJCo-tan.1 Secant. 


TABLE XXV. 

LOGARITHMIC SINKS, TANGENTS, AND SECANTS. 


4 Degrees 


585 anns 9.998941 .. 8.844644 , ftlo 11.155356 10.001059 11.1 

J87 9.998932 f® 8.846455 J^f, 11.153545 10.001068 ll.l 

183 oo«n 9.998923 8.848260 ^ 11.151740 10.001077 11.1 

971 £2? 9.998914 f? 8.850057 ^11.149943 10.00108611.1 

751 9.998905 f® 8.851846 "?M1.148154 10.001095 11.1 

525 9.998896 f® 8.853628 frlr 11.14637210.00110411.1 

291 ooqi 9 • 998887 f® 8.855403 11.144597 10.001113 11.1 

949 9.998878 f® 8.857171 SS 11.142829 10.001122 11.1 

*01 oone 9.998869 f® 8.858932 fTT? 11.14106810.00113111.1 
>46 £2? 9.998860 f® 8.860686 “ff 11.139314 10.001140 11.1 

183 ?rr: 9.998851 f® 8.862433 Jrff 11 .lirscr 10 . 00114911.1 

114 L* 9.998841 8.864173 11.135827 10.00115911.1 

r38 SI? 9.998832 f® 8.865906 "5? 11.134094 10.001168 11.1 

155 ST! 9.998823 f® 8.867632 Sri U.132368 10.001177 11.1 

165 Son 9 * 998 813 f' 8.869351 S<i H.130649 10.001187 11.1 

*68 SS 9 -"8804 f® 8.871064 S?* U.128936 10.001196 11.1 

565 Sf? 9.998795 8.872770 *??? 11.127230 10.001205 11.1 

155 Snr 9.998785 f! 8.874469 SS11.125531 10.001215 11.1 

)38 So? 9.998776 f® 8.876162 Sii 11.123838 10.001224 11 .1 

515 rirr 9. 998766 fl 8.877849 5Jff 11.122161 10.001234 U.l 

285 IS.! 9.998757 J® 8.879529 11.120471 10.001243 11.1 

)49 9.998747 8.881202 11.118798 10.001253 11.1: 

307 9.998738 fl 8.882869 filr 11.117131 10.00186311.1 

258 9.998728 f® 8.884530 fL?? 11.115470 10.001272 11.1 

103 7 9.998718 f* 8.886185 11.111815 10.00138211.1 

>42 f 9.998708 8.887833 11^ 11.112167 10.001292 11.1 

L74 9.998699 f® 8.889476 JL?I 11.110524 10.001301 11.1 

*0! liff 9.998689 fl 8.891112 fifl 11.10888810.001311 11.1 

121 0.998679 fl 8.892742 Jlii 11.107258 10.001321 11.1 

335 SS 9.998669 fl 8.89436(3 11.105634 10.001331 11.1 

343 ""jj 9.998659 11 8.895984 11 .104016 10.001341 11.1 

246 t ® 9.9986-19 f l 8.897596 * 11.102404 10.001351 11.1 

*12 I??, 9.998639 fl 8.899203 SS 11.100797 10.001361 11.1 

132 Sn 9.998629 8.900803 11.099197 10.001371 11.1 

)17 SI, 9.998619 fl 8.902398 SS H .097602 10.001381 11.0 

>96 Sri 9.998609 fl 8.903987 SS H .096013 10.001391 11.9 

169 Sfo 9.9985(39 fl 8.905570 SS 11.094430 10.001401 11.0 
f36 21; 9.998589 fi 8.907147 SS 11.092853 10.001411 11.» 

297 2JJ? 9.998578 f? 8.908719 Sin 11 *991281 10.001422 11.9 

*53 2S 9.998568 fl 8.910285 Sf, 11.089715 10.001432 11.0 

104 „„ _0 jl D 0H558 fl 8.91184G S"1 11.088154 10.001442 11.0 

9.998548 
9.998537 
9.998527 
9.998516 
9.998506 
9.998495 
9.998485 
9.998474 
9.998464 
9.998453 
9.998442 
9.998431 
9.998421 
9.998410 
9.998399 
9.998388 
9.998377 
9.998366 
9.998355 
9.998344 

Sine. 


8.913401 

8.914951 

8.916495 

8.918034 

8.919568 

8.921096 

8.922619 

8.924136 

8.925649 

8.927156 

8.928658 

8.930155 

8.931647 

8.933134 

8.934616 

8.936093 

8.937565 

8.939032 

8.940494 

8.941952 

Co-tan. 


11.086699 10.( 
! 11.085049 10.C 
1 11.083505 10. ( 
! 11.081966 10.( 
! 11.080432 10. ( 
11.078901 10.( 
11.077381 10.C 
11.075864 10.( 
, 11.074351 10. < 
' 11.072844 10.( 


11.071342 
! 11.069845 
! 11.068358 
11.066866 
11.065384 
11.063907 
11.062435 
; 11.060968 
. 11.059506 
11.058048 


10.001558 

10.001569 

10.001579 

10.001590 

10.001601 

10.001612 

10.001623 

10.001634 

10.001645 

10.001656 


11.156415 60 
11.154613 59 
11.152817 58 
11.151029 57 
11.149249 56 
11.147475 55 
11.145709 54 
11.143951 53 
11.142199 52 
11.140454 51 
11.138717 50 
11.136986 49 
11.135262 48 
11.133545 47 
11.131835 46 
11.130132 45 
11.128435 44 
11.126715 43 
11.125062 42 
11.123385 41 
11.121715 40 
11.120051 39 
11.118393 38 
11.116742 37 
11.115097 36 
11.113458 35 
11.111826 34 
11.110199 S3 
11.108579 32 
11.106965 31 
11.105357 30 
11.103754 29 
11.102158 28 
11.100568 27 
11.098983 26 
11.097404 25 
11.095831 24 
11.094264 23 
11.092703 22 
11.091147 21 
11.089596 20 
11.088051 19 
11.086512 18 
11.084978 17 
11.083450 16 
11.081927 15 
11.080409 14 
11.078897 IS 
11.077390 12 
11.075888 11 
11.074391 10 
11.072900 9 

11.071413 8 

11.069932 7 

11.068456 6 

11.066985 5 

11.065519 4 

11.064058 3 

11.062602 2 
11.061150 1 

11.059704 0 

Secant. M 


85 Degrees. 

















TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


M I Sine. IDiff.lCo-sine.l D. 


0 8.940296 

1 8.941738 

2 8.943174 

3 8.944606 

4 8.946034 

5 8.947456 

6 8.948874 

7 8.950287 

8 8.951696 

9 8.953100 

10 8.954499 

11 8.955894 

12 8.957284 

13 8.958670 

14 8.960052 

15 8.961429 

16 8.962801 

17 8.964170 

18 8.965534 

19 8.966893 

20 8.968249 

21 8.969600 

22 8.970947 

23 8.972289 

24 8.973628 

25 8.974962 

26 8.976293 

27 8.977619 

28 8.978941 

29 8.980259 

30 8.981573 

31 8.982883 

32 8.984189 

33 8.985491 

34 8.986789 

35 8.988083 

36 8.989374 

37 8.990660 

38 8.991943 

39 8.993222 

40 8.994497 


9.998344 1R 
9.998333 
9.998322 
9.998311 J® 
9.998300 .® 
9.998289 ** 
9.998277 
9.998266 J® 
9.998255 *® 
9.998243 
9.998232 ** 
9.998220 7 r 
9.998209 9 n 
9.998197 f R 
9.998186 A® 
9.998174 f R 
9.998163 A® 
9.998151 ~ 
9.998139 
9.998128 *® 
9.998116 ^ 
9.998104 9n 
9.998092 
9.998080 
9.998068 9 n 
9.998056 ^ 
9.998044 9 n 
9.998032 
9.998020 9 n 
9.998008 
9.997996 fjj 
9.997984 
9.997972 
9.997959 9 n 
9.997947 ^ 
9.997935 ^ 
9.997922 ^ 
9.997910 
0.997897 " 
9.997885 
9.997872 ^ 
9.997860 
9.997847 Aft 
9.997835 20 
9.997822 $0 
9.997809 20 
9.997797 «o 
9.997784 «o 
9.997771 go 
9.997758 
9.997745 " 
9.997732 „„ 
9.997719 00 
9.997706 It 
9.997693 2 


51 9.008278 

52 9.009510 

53 9.010737 

54 9.011962 

55 9.013182 

56 9.014400 

57 9.015613 

58 9.016824 

59 9.018031 
CO 9.019235 

M Co-sine 


if • OVJ (\A 

9.997797 «o 
9.997784 «o 
9.997771 go 
9.997758 
9.997745 " 
9.997732 „„ 
9.997719 00 
9.997706 It 
9.997693 «o 
9.997680 20 
9.997667 2 „ 
9.997654 A* 
9.997641 go 
9.997628 * 

9.997614 


6 Degrees 


Tang. Diff. 

‘8.941952 249, 
8.943404 24 T 3 
8.944852 AJi: 
8.946295 : 

8.947731 "on 
8.949168 g*® 
8.950597 2577 
8.952021 g™ 
8.953441 
8.954856 

»- ■*?** 2341 
8.957674 oq*r 
8.959075 25 oq 
8.960473 gf! 
8.961866 "it 
8.963255 "n? 
8.964639 gg 

8.967394 gg 
8.968766 2270 
8.970133 227 ] 
8.971496 22 f »5 
8.972855 22 ^7 
8.974209 2251 
8.975560 2244 
8.976906 2237 
8.978248 2 230 
8.979586 gg 
8.980921 2217 
8.982251 2210 

5 J 25 II 2201 

8.984899 21Q7 
8.986217 2101 
8.987532 2 ih 4 
8.988842 017 ft 
8.990149 2171 
8.991451 2 ifi 5 
8.992750 2158 
8.994045 2150 
8.995337 A,g 

lut 

8.997908 2131 
8.999188 2127 
9.000465 2121 
9.001738 2115 
9.003007 2109 
9.004272 2103 
9.005534 2097 
9.006792 2091 
9.008047 

9 009 ** 2079 
9.010546 2074 
9.011790 tiA^u 
9.013031 2062 
9.014268 2056 
9.015502 2051 
9.016732 2045 
9.017959 2039 
9.019183 2034 
9.020403 2098 
9.021620 2 ° 2b 

Co-tan._ 

84 Degrees. 


Co-tan. Secant. Co-sec. M 
11 058048 10.001656 11.059704 ~60 
11.056596 10.001667 11.058262 59 
11.055148 10.001678 11.056826 58 
11.053705 10.00168911.055394 57 
11.052266 10.001700 11.053966 56 
11.050832 10.001711 11.052544 55 
11.049403 10.001723 11.051126 54 
11.047979 10.001734 11.049713 53 
11.046559 10.001745 11.048304 52 
11.015144 10.001757 11.046900 51 
11.013733 10.001768 11.045501 50 
11.042326 10.001780 11.044106 49 
11.040925 10.001791 11.042716 48 
11.039527 10.001803 11.041330 47 
11.038134 10.001814 11.039948 46 
11.036745 10.001826 11.038571 45 
LI.035361 10.001837 11.037199 44 
L1.033981 10.001849 11.035830 43 
LI.032606 10.001861 11.034466 42 
LI.031234 10.001872 11.033107 41 
LI.029867 10.001884 11.031761 40 
LI.028504 10.00189611.030400 39 
LI.027145 10.001908 11.029053 38 
LI.025791 10.001920 11.027711 37 
LI.024440 10.001932 11 026372 36 
LI.023094 10.001944 11.025038 35 
LI.021752 10.001956 11.023707 34 
11.020414 10.001968 11.022381 33 
LI.019079 10.001980 11.021059 32 
LI.01774910.001992 11.019741 31 
LI.016423 10.002001 11.018427 30 
LI.015101 10.002016 11.017117 29 
LI.013783 10.002028 11.015811 28 
LI.012468 10.002041 11.014509 27 
LI.011158 10.002053 11.013211 26 
11.009851 10.002065 11.011917 25 
LI.008549 10.002078 11.010626 24 
LI.007250 10.002090 11.009340 23 
LI.005955 10.002103 11.008057 22 
LI.004663 10.002115 11.006778 21 
LI.003376 10.002128 11.005503 20 
LI. 002092 10.002140 11.004232 19 
LI .000812 10.002153 11.002964 18 
L0.999535 10.002165 11.001701 17 
10.998262 10.002178 11.000440 16 
L0.996993 10.002191 10.999184 15 
10.995728 10.002203 10.997931 14 
L0.994466 10.002216 10.996682 13 
10.993208 10.002229 10.995437 12 
L0.991953 10.002242 10.994195 11 
L 0.990702 10.002255 10.992956 10 
L0.989454 10.002268 10.991722 9 

10.988210 10.002281 10.990490 8 

10.986969 10.002294 10.989263 7 

10.98573210.002307 10.988038 6 

L0.984498 10.002320 10.986818 5 

L0.983268 10.002333 10.985600 4 

10.982041 10.002346 10.984387 3 

L0.980817 10.00235940.983176 2 

L0.97959710.00237240.981969 1 

L0.978380 10.002386 10.980765 0 

Taner. Co-sec. Secant. M 








TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


Degrees. 


9.010235 


9.021632 
9. 

9.02401 
9.025203 
9.026386 
7 19.027567 
9.028744 
9.029918 




9.997614 
9.997601 
9.997588 
9.997574 
9.997561 
9.997547 
9.997534 
9.997520 
9.997507 
9.997493 
0.997 


9.997466 

9.997452 

9.997439 

9.997425 

9.997411 

0.997397 

9.997383 

9.997369 

9.997355 

9.997341 


0.997327 

9.997313 

9.997299 

9.997285 

9.997271 

9.997257 

9.997242 

9.997228 

9.997214 

9.997199 


9.997186 

9.997170 

9.997156 

9.997141 

9.997127 

9.997112 

9.997098 

9.997083 

9.997068 

9.997053 



M |Co-sine 


9.996889 

9.996874 

9.996858 

9.996843 

9.996828 

9.996812 

9.996797 

9.996782 

9.9967L6 

9.996751 


Sine. 



83 Degrees. 
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TABLE XXV. 

LOGARITHMIC SINKS, TANGENTS, AND SECANTS. 


7 Degrees. 



Sine. 

Difi'. 

Co-sine. 

D. 

'lan-. 

Ditr. 

Co-tan. 

Secant. 

Co-sec. 

M 


9.085894 

9.086922 

9.087947 

9.088970 

9.089990 

9.091008 

9.092024 

9.093037 

9.094047 

9.095056 

9.096062 

1713 

1709 

1704 

1700 

1696 

1692 

1688 

1684 

1680 

1676 

1673 

1668 

1665 

1661 

1657 

1653 

1649 

1645 

1642 

1638 

1634 

9.996751 

9.996735 

9.996720 

9.996704 

9.996688 

9.996673 

9.996657 

9.9966-11 

9.996625 

9.996610 

9.996594 

27 

25 

27 

27 

25 

27 

27 

27 

25 

27 

27 

27 

27 

27 

27 

27 

27 

28 
27 
27 

27 

28 
27 

27 

28 

27 

28 

27 

28 

27 

28 
28 

27 

28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
30 
28 
28 
30 
28 
28 
30 
28 
30 
30 
28 
30 
28 
30 

9.089144 

9.090187 

9.091228 

9.092266 

9.093302 

9.094336 

9.095367 

9.096395 

9.097122 

9.098446 

9.099468 

1738 

1735 

1731 

1727 

1722 

1719 

1715 

1711 

1707 

1703 

1699 

1695 

1691 

1687 

1684 

1680 

1676 

1672 

1669 

1665 

1661 

1658 

1654 

1650 

1647 

1643 

1639 

1636 

1632 

1629 

1625 

1622 

1618 

1615 

1611 

1608 

1604 

1601 

1597 

1594 

1591 

1587 

1584 

1581 

1577 

1574 

1571 

1567 

1564 

1561 

1558 

1555 

1551 

1548 

1545 

1542 

1539 

1535 

1532 

1529 

10.910856 

10.909813 

10.908772 

10.907734 

10.906698 

10.905664 

10.904633 

10.903605 

10.902578 

10.901554 

10.900532 

10.003249 

10.003265 

10.003280 

10.003296 

10.003312 

10.003327 

10.003343 

10.003359 

10.003375 

10.003390 

10.003406 

10.914106 

10.913078 

10.912053 

10.911030 

10.910010 

10.908992 

10.907976 

10.906963 

10.905953 

10.904944 

10.903938 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

u 

12 

13 

14 

15 

16 

17 

18 

19 

20 

9.097065 

9.098066 

9.099065 

9.100062 

9.101056 

9.102048 

9.103037 

9.104025 

9.105010 

9.105992 

9.996578 

9.996562 

9.996546 

9.996530 

9.996514 

9.996498 

9.996482 

9.996465 

9.996449 

9.996433 

9.100487 

9.101504 

9.102519 

9.103532 

9.104512 

9.105550 

9.106556 

9.107559 

9.108560 

9.109559 

10.899513 

10.898496 

10.897481 

10.896168 

10.895458 

10.894450 

10.893444 

10.892441 

10.891440 

10.890441 

10.003422 

10.003438 

10.003454 

10.003470 

10.003486 

10.003502 

10.003518 

10.003535 

10.003551 

10.003567 

10.902935 

10.901934 

10.900935 

10.899938 

10.898944 

10.897952 

10.896963 

10.895975 

10.894990 

10.894008 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

9.106973 
9.107951 
9.108927 
9.109901 
9.110873 
9.111842 
9.112809 
9.113774 
9.114737 
9.115698 

1630 

1627 

1623 

1619 

1616 

1612 

1608 

1605 

1601 

1597 

1594 

1590 

1587 

1583 

1580 

1576 

1573 

1569 

1566 

1562 

1559 

1556 

1552 

1549 

1545 

1542 

1539 

1535 

1532 

1529 

1525 

1522 

1519 

1516 

1512 

1509 

1506 

1503 

1500 

9.996417 

9.996400 

9.996381 

9.996368 

9.996351 

9.996335 

9.996318 

9.996302 

9.996285 

9.996269 

9.110556 

9.111551 

9.112543 

9.113533 

9.114521 

9.115507 

9.116-191 

9.117472 

9.118452 

9.119429 

10.889444 

10.888449 

10.887457 

10.886467 

10.885479 

10.884493 

10.883509 

10.882528 

10.881548 

10.880571 

10.003583 

10.003600 

10.003616 

10.003632 

10.003649 

10.003665 

10.003682 

10.003698 

10.003715 

10.003731 

10.893027 

10.892049 

10.891073 

10.890099 

10.889127 

10.888158 

10.887191 

10.886226 

10.885263 

10.884302 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

9.116656 

9.117613 

9.118567 

9.119519 

9.120469 

9.121417 

9.122362 

9.123306 

9.124248 

9.125187 

9.996252 

9.996235 

9.996219 

9.996202 

9.996185 

9.996168 

9.996151 

9.996134 

9.996117 

9.996100 

9.120404 

9.121377 

9.122348 

9.123317 

9.124284 

9.125249 

9.126211 

9.127172 

9.128130 

9.129087 

10.879596 

10.878623 

10.877652 

10.876683 

10.875716 

10.874751 

10.873789 

10.872828 

10.871870 

10.870913 

10.003748 

10.003765 

10.003781 

10.003798 

10.003815 

10.003832 

10.003849 

10.003866 

10.003883 

10.003900 

10.883344 

10.882387 

10.881433 

10.880481 

10.879531 

10.878583 

10.877638 

10.876694 

10.875752 

10.874813 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

9.126125 

9.127060 

9.127993 

9.128925 

9.129854 

9.130781 

9.131706 

9.132630 

9.133551 

9.134470 

9.996083 

9.996066 

9.996049 

9.996032 

9.996015 

9.995998 

9.995980 

9.995963 

9.995946 

9.995928 

9.130011 

9.130994 

9.131941 

9.132893 

9.133839 

9.134781 

9.135726 

9.136667 

9.137605 

9.138542 

10.869959 

10.869006 

10.868056 

10.867107 

10.866161 

10.865216 

10.864274 

10.863333 

10.862395 

10.861458 

10.003917 

10.003931 

10.003951 

10.003968 

10.003985 

10.004002 

10.004020 

10.004037 

10.004054 

10.004072 

10.873875 

10.872940 

10.872007 

10.871075 

10.870146 

10.869219 

10.868294 

10.867370 

10.866449 

10.865530 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

9.135387 

9.136303 

9.137216 

9.138128 

9.139037 

9.139944 

9.140850 

9.141754 

9.142655 

9.143555 

9.995911 

9.995894 

9.995876 

9.995859 

9.995841 

9.995823 

9.995806 

9.995788 

9.995771 

9.995753 

9.139476 

9.140409 

9.141340 

9.142269 

9.143196 

9.144121 

9.145044 

9.145966 

9.146885 

9.147803 

10.860524 

10.859591 

10.858660 

10.857731 

10.856804 

10.855879 

10.854956 

10.854034 

10.853115 

10.852197 

10.004089 

10.004106 

10.004124 

10.004141 

10.004159 

10.001177 

10.004194 

10.004212 

10.004229 

10.004247 

10.864613 

10.863697 

10.862784 

10.861872 

10.860963 

10.860056 

10.859150 

10.858246 

10.857345 

10.856445 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

M 

Cosine 


Sine. 


Co-tan. 


Tan*?. 

Co-sec. 

Secant. 

M 


82 Degrees. 





TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


B Degrees. 




Secant ICo-eec. 



81 Degrees. 




























































































































































































































TABLE XXV. H9 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 

9 Degrees. 

M Sine. OUT. Co-sine. I). Tang. IDiff. Co-tan. Secant. Co-sec. I M 

0 ~ 9.194332 9.WMM «« §1199713 10.800287 10.005380 10.805668 "oo" 

1 9.195120 I*?* 9.994000 " 9.200529 10.799471 10.00540010.804871 69 

2 9.195925 9.994580 " 9.201345 10.798055 10.005120 10.804075 58 

3 9.190719 } 3 " 9.994560 33 9.202159 10.797841 10.00541010.803281 57 

I 9.197511 ,* 1K 9.994540 , 9.202971 {?*! 10.79702910.0054G0 10.802189 56 

5 9.198302 9.994519 ™ 9.203782 10.79621810.005181 10.801098 55 

6 9.199091 1313 9.091499 „ 9.204592 {’{.j 10.795408 10.005501 10.800909 54 

7 9.199879 !*!* 9.994479 „ 9.205400 {,*'110.794600 10.005521 10.800121 53 

8 9.200666 Jr" 9.994459 ^ 9.206207 {?£ 10.79379310.005541 10.799334 52 

9 9.201451 9.994438 33 9.207013 {?” 10.79298710.00556210.798549 51 

10 9.202234 9.994418 ™ 9.207817 10.792183 10.00558210.797766 50 

11 9.203017 9.994398 3 * 9.208619 ! ^ 10.791381 10.00560210.796983 49 

12 9.203797 . * 9.994377 33 9.209420 10.790580 10.005623 10.7962031 48 

13 9.204577 9.994357 JZ 9.210220 10.789780 10.005643 10.795423 47 

14 9.205354 9.994336 33 9.211018 {,fi 10.788982 10.005664 10.791646' 46 

15 9.206131 * 9.994316 35 9.211815 {," 10.788185 10.005684 10.793869 45 

16 9.206906 9.994295 ^ 9.212611 {,£, 10.787389 10.005705 10.793094 44 

17 19.207679 ' 9 994274 3 ' 9.213405 {f" 10.786595 10.005726 10.792321 43 

18 9.208452 19fi , 9.994254 3S 9.214198 {,f‘ 10.785802 10.00574610.791548 42 

I 19 9.209222 ... 9.994233 35 9.214989 {?{; 10.785011 10.005767 10.790778 41 

20 )9.209992 J™ 9.994212 9.215780 {*{*10.78422010.00578810.790008 40 

91 9.210700 ltrg 9.994191 33 9.216568 {?{* 10.783432 10.005809 10.789240 TlT 

22 9.211526 9.994171 - 5 9.217356 {?{£ 10.782644 10.005829 10.788474 38 

23 9.212291 , 9.994150 35 9.218142 {?!” 10.781858 10.005850 10.787709 37 

24 9.213055 9.994129 3 , 9.218926 10.781074 10.005871 10.786945 36 

25 9.213818 '* 9.994108 9.219710 {?”£ 10.780290 10.005892 10.786182 35 

J6 9.214579 . ” 9.994087 9.220492 ,”, 10.779508 10.005913 10.785421 34 

27 9.215338 . ” 9.994066 9.221272 {Xoq 10.778728 10.005931 10.784662 33 

28 9.216097 . * 9.994045 J 9.222052 10.777948 10.005955 10.783903 32 

29 9.216854 .Jr* 9.994024 9.222830 10.777170 10.005976 10.783146 31 

JO (9.217009 9.994003 ^ 9.223607 fljl 0.776393 10.005997 10.782391 30 

31 9.218363 { * 9.993982 ,7 0.224382 {::£ 10.775618 10.006018 10.781637 29 

32 9.219116 {", 9.993960 3, 9.225156 frT 10.774844 10.006040 10.780884 28 

33 9.219868 {"* 9.993939 35 9.225929 {f?® 10.774071 10.006061 10.780132 27 

34 9.220618 {"” 9.993918 9.226700 10.773300 10.006082 10.779382 26 

35 9.221367 {£:” 9.993897 37 9.227471 {"? 10.772529 10.006103 10.778633 25 

36 9.222113 {£{” 9.993875 35 9.228239 {£”, 10.771761 10.006125 10.777885 24 

37 9.222861 Jr™ 9.993854 37 9.229007 {fir 10.770993 10.006146 10.777139 23 

18 9.223606 {"f 9.993832 35 9.229773 \*L l 10.770227 10.00616b 10.776394 22 

39 9.224349 if?! 9.993811 37 9.230539 {£1, 10.769461 10.006189 10.775651 21 

40 9.225092 {"' 9.993789 9.231302 {£™ 10.768696 10.006211 10.774908 20 

41 9.225833 * , 9.993768 37 9.232065 {£,.* 10.767935 10.006232 10.774167 19 

42 9.226573 J££, 9.993746 3 { 9.232826 {£”;! 10.767174 10.00625110.773427 18 

ftS 9.227311 {£££ 9.993725 37 9.233586 {£{!;! 10.766414 10.006275 10.772689 17 

14 9.228048 {££? 9.993703 37 9.234345 ,£,!X 10.765655 10.006297 10.77196* 16 

15 9.228784 J££, 9.993681 3 ' 9.235103 10.764897 10.006310 10.771216 15 

16 9.229518 {£££ 9.993660 37 9.235859 {£”” 10.764141 10.006340 10.770482 14 

r7 9.230252 {£££ 9.993638 37 9.236614 {"® 10.763386 10.006362 10.769748 13 

18 9.230984 {££” 9.993616 37 9.237368 J£*V 10.76263210.006384 10.769016 12 

49 9.231715 {£{* 9.993594 37 9.238120 {£*? 10.76188010.00640610.768285 11 

50 9.232444 {£{” 9.993572 9.238872 {"“ 10.761128 10.006428 10.767556 10 

~51~9.233172 *,£ 9.993550 37 9.239622 10.760378 10.006450 10.766828 9 

52 9.233899 {£*£ 9.993528 I' 9.240371 {£*” 10.759629 10.006472 10.766101 8 

53 9.234025 iZZl 9.993506 % 9.241118 {£{” 10.75888210.006494 10.765375 7 

54 9.235349 {££' 9.993484 V- 9.241865 {™ 10.758135 10.006516 10.764651 6 

55 9.236073 {"X 9.993462 ,1 9.242610 {^10.757390 10.006538 10.763927 5 

56 9.236795 J£”? 9,993440 Z- 9.243354 {££” 10.756646 10.006560 10.763205 4 

57 9.237515 Jfli 9.993418 Xi 9.244097 {£:” 10.755903 10.006582 10.762485 3 

58 9.238235 JJZl 9.993396 ,1 9.244839 {"”10.755161 10.006604 10.761765 2 

59 9.238953 {{£! 9.993374 9.245579 {"J 10.754421 10.006626 10.761047 1 

60 9.239670 9.993351 9.246319 * 10.753681 10.00664910.760330 0 

M Co-sine Sine. I Co-tan. Tang. Co-sec. Secant. M 

80 Degrees. 





TABLE XXV. 

LOGARITHMIC SINBS, TANGENTS, AND 8ECANT8. 


10 Degrees. 





79 Degrees. 











































































































































































































































































TABLE XXV. 121 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 

11 Degrees. 

M 

Sine. 

Diff. 

Co-sine. 

D. 

Tang. 

Diff. 

Co-tan. 

Secant. 


□ 

0 

1 

2 

I 

4 

6 

6 

7 

8 

0 

10 

9.280599 

0.281248 

9.281897 

9.282544 

9.283190 

9.283836 

9.284480 

9.285124 

9.285766 

9.286408 

9.287048 

1082 

1081 

1079 

1077 

1076 

1074 

1072 

1071 

1069 

1067 

1066 

9.991947 

9.991922 

9.991897 

9.991873 

9.991848 

9.991823 

9.991799 

9.991774 

9.991749 

9.991724 

9.991699 

42 

42 

40 

42 

42 

40 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

43 
42 

42 

43 
42 

42 

43 

42 

43 

42 

43 
43 

42 

43 
43 
43 

42 

43 
43 
43 
43 
43 
43 
43 
43 
45 
43 
43 
43 
45 
43 
45 
43 
43 
45 
45 
43 
45 
45 
43 
45 
45 
45 

9.288652 

0.289326 

9.289999 

9.290671 

9.291342 

9.292013 

9.292682 

9.293350 

9.294017 

9.294684 

9.295349 

1123 

1122 

1120 

lllh 

1117 

1115 

1114 

1112 

1111 

1109 

1107 

1106 

1104 

1103 

1101 

1100 

1098 

1096 

1095 

1093 

1092 

1090 

1089 

1087 

1086 

1084 

1083 

1081 

1080 

1078 

1071 

1075 

1074 

1073 

1071 

1070 

1068 

1067 

1065 

1064 

1 AAQ 

10.711348 

10.710674 

10.710001 

10.709329 

10.708658 

10.707987 

10.707318 

10.706650 

10.705983 

10.705316 

10.704651 

10.008053 

10.008078 

(0.008163 

10.008127 

10.008152 

10.008177 

10.008201 

10.008226 

10.008251 

10.008276 

10.008301 

10.719401 

10.718752 

10.718103 

10.717456 

10.716810 

10.716164 

10.715520 

10.714876 

10.714234 

10.713592 

10.712952 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

11 

12 

IS 

14 

15 

16 

17 

18 

19 

20 

9.287688 

9.288326 

9.288064 

9.289600 

9.290236 

9.290870 

9.291504 

9.292137 

9.292768 

9.293399 

1064 

1063 

1061 

1059 

1058 

1056 

1054 

1053 

1051 

1050 

9.991674 

9.991649 

9.991624 

9.991599 

9.991574 

9.991549 

9.991524 

9.991498 

9.991473 

9.991448 

9.296013 

9.296677 

9.297339 

9.298001 

9.298662 

9.299322 

9.299980 

9.300638 

9.301295 

9.301951 

10.703987 

10.703323 

10.702661 

10.701999 

10.701338 

10.700678 

10.700020 

10.699362 

10.698705 

10.698049 

10.008326 

10.008351 

10.008376 

10.008401 

10.008426 

10.008451 

10.008476 

10.008502 

10.008527 

10.008552 

10.712312 

10.711674 

10.711036 

10.710400 

10.709764 

10.709130 

10.708496 

10.707863 

10.707232 

10.706601 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

21 

22 

23 

24 

25 

26 

27 

28 
20 
SO 

9.294029 

9.294658 

9.295286 

9.295913 

9.296539 

9.297164 

0.297788 

9.298412 

9.299034 

9.299655 

1048 

1046 

1045 

1043 

1042 

1040 

1039 

1037 

1036 

1034 

9.991422 

9.991397 

9.991372 

9.991346 

9.991321 

9.991295 

9.991270 

9.991244 

9.991218 

9.991193 

9.302607 

9.303261 

9.303914 

9.304567 

9.305218 

9.305869 

9.306519 

9.307168 

9,307815 

9.308463 

10.697393 

10.696739 

10.696086 

10.695433 

10.694782 

10.694131 

10.693481 

10.692832 

10.692185 

10.691537 

10.008578 

10.008603 

10.008628 

10.008654 

10.008679 

10.008705 

10.008730 

10.008756 

10.008782 

10.008807 

10.705971 

10.705342 

10.704714 

10.704087 

10.703461 

10.702836 

10.702212 

10.701588 

10.700966 

10.700345 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

51 

52 

ss 

34 

35 
SO 
37 
S8 

39 

40 

9.300276 

9.300895 

9.301514 

9.302132 

9.302748 

9.303364 

9.303979 

9.304593 

9.305207 

9.305819 

1032 

1031 

1029 

1028 

1026 

1025 

1023 

1022 

1020 

inio 

0.991167 

9.991141 

9.991115 

9.991090 

9.991064 

9.991038 

9.991012 

9.990986 

9.990960 

9.990934 

9.309109 

9.309754 

9.310398 

9.311042 

9.311685 

9.312327 

9.312967 

9.313608 

9.314247 

0.314885 

10.690891 

10.690246 

10.689602 

10.688956 

10.688315 

10.687673 

10.687033 

10.686392 

10.685753 

10.685115 

10.008833 

10.008859 

10.008885 

10.008910 

10.008936 

10.008962 

10.008988 

10.009014 

10.009040 

10.009066 

10.699724 

10.699105 

10.698486 

10.697868 

10.697252 

10.696636 

16.690021 

10.695407 

10.694703 

10.694181 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

41 

42 
4S 

44 

45 

46 

47 

48 

49 
60 

9.306430 

9.307041 

9.307650 

9.308259 

9.308867 

9.309474 

9.310080 

9.310685 

9.311289 

9.311893 

jit 

i| 

9.315523 

9.316159 

9.316795 

9.317430 

9.318064 

9.318697 

9.319329 

9.319961 

9.320592 

9.321222 

ivOA 

1061 

1060 

1058 

1057 

1055 

1054 

1053 

1051 

1050 

1 OiR 

10.684477 

10.683841 

10.683205 

10.682570 

10.681936 

10.681303 

10.680671 

10.680039 

10.679408 

10.678778 

10.009092 

10.009118 

10.009145 

10.009171 

10.009197 

10.009223 

10.009250 

10.009276 

10.009303 

10.009329 

10.693570 

10.092959 

10.692350 

10.691741 

10.691133 

10.690526 

10.689920 

10.689315 

10.688711 

10.688107 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

51 

52 
63 
54 
65 
60 
57 
68 
59 

| 60 

9.312495 

9.313097 

9.313698 

9.314297 

9.314897 

9.315495 

9.316092 

9.316689 

9.317284 

9.317879 

i 

j 

ia 

i 

IMl 

9.321851 

9.322479 

9.323106 

9.323733 

9.324358 

9.324983 

9.325607 

9.326231 

9.326853 

9.327475 

11140 

1047 

1045 

1044 

1043 

1041 

1040 

1039 

1037 

1036 

10.678149 

10.677521 

10.676894 

10.676267 

10.675642 

10.675017 

10.674393 

10.673769 

10.673147 

10.672525 

10.009355 

10.009382 

10.009409 

10.009435 

10.009462 

10.009489 

10.009515 

10.009542 

10.009569 

10.009596 

10.687505 

10.686903 

10.686302 

10.685703 

10.685103 

10.684505 

10.688908 

10.683311 

10.682716 

10.682121 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

M 

Co-sine 


jE03S| 

■1 

Co-tan. 


Tang. 

Co-sec. 

Secant. 

M 


78 Degrees. 
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TABLE XXV. 


|_LOGARITHMIC SINBS, TANGENTS, AND SECANTS. 


|| 12 Degrees. | 

M 




D. 

Tang. 


Co-tan. 

Secant. 

Co-sec. 

m| 

0 

1 

a 

3 

4 

5 

6 

7 

8 

9 

10 

1 

990 

988 

987 

986 

984 

983 

982 

980 

979 

977 

976 

975 

973 

972 

970 

969 

968 

966 

965 

964 

962 

961 

960 

958 

957 

956 

954 

953 

952 

950 

949 

948 

946 

945 

944 

943 

941 

940 

039 

937 

936 

935 

934 

932 

931 

930 

929 

927 

926 

925 

924 

922 

921 

920 

919 

917 

916 

915 

914 

913 

9.990404 

9.990378 

9.990351 

9.990324 

9.990297 

9.990270 

9.990243 

9.990215 

9.990188 

9.990161 

9.990134 

43 

45 

45 

45 

45 

45 

47 

45 

45 

45 

45 

47 

45 

45 

47 

45 

47 

45 

47 

45 

47 

47 

45 

47 

47 

47 

47 

47 

45 

47 

48 
47 
47 
47 
47 
47 

47 

48 
47 

47 

48 

47 

48 

47 

48 
48 

47 

48 
48 

47 

48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

9.327474 
9.328095 
9.328715 
9.329334 
9.329953 
9.330570 
9.331187 
9.331803 
9.332418 
9.333033 
9.333646 

1035 

1033 

1032 

1030 

1029 

1028 

1026 

1025 

1024 

1023 

1021 

1020 

1019 

1017 

1016 

1015 

1013 

1012 

1011 

1010 

1008 

1007 

1006 

1004 

1003 

1002 

1001 

999 

998 

997 

996 

994 

993 

992 

991 

990 

988 

987 

986 

985 

983 

982 

981 

980 

979 

977 

976 

975 

974 

973 

971 

970 

969 

968 

967 

966 

965 

963 

962 

961 

10.672526 

10.671905 

10.671285 

10.670666 

10.670047 

10.669430 

10.668813 

10.668197 

10.667582 

10.666967 

10.666354 

10.009596 

10.009622 

10.009649 

10.009676 

10.009703 

10.009730 

10.009757 

10.009785 

10.009812 

10.009839 

10.009866 

10.682121 
10.681527 
10.680931 
10.680312 
10.679751 
10.679100 
10.678570 
10.677981 
10.677393 
10.676806 
10.676220 

IT 

59 

56 

57 

56 

54 

54; 

54 

52 

51 

50 

11 

ia 

is 

14 

15 

16 

17 

18 
19 
90 


9.990107 

9.990079 

9.990052 

9.990025 

9.989997 

9.989970 

9.989942 

9.989915 

9.989887 

9.989860 

9.334259 

9.334871 

9.335482 

9.336093 

9.336702 

9.337311 

9.337919 

9.338527 

9.339133 

9.339739 

10.665741 

10.665129 

10.664518 

10.663907 

10.663298 

10.662689 

10.662081 

10.661473 

10.660867 

10.660261 

10.009893 

10.009921 

10.009948 

10.009975 

10.010003 

10.010030 

10.010058 

10.010085 

10.010113 

10.010140 

10.675634 

10.675050 

10.674466 

10.673883 

10.673300 

10.672719 

10.672138 

10.671558 

10.670979 

10.670401 

49 

0 

47 

46 

45 i 

44 

45 

42 

41 

44 

grg 

9.330176 

9.330753 

9.331329 

9.331903 

9.332478 

9.333051 

9.333624 

9.334195 

9.334767 

9.335337 

9.989832 

9.989804 

9.989777 

9.989749 

9.989721 

9.989693 

9.989665 

9.989637 

9.989610 

9.989582 

9.340344 

9.340948 

9.341552 

9.342155 

9.342757 

9.343358 

9.343958 

9.344558 

9.345157 

9.345755 

10.659656 

10.659052 

10.658448 

10.657845 

10.657243 

10.656642 

10.656042 

10.655442 

10.654843 

10.654245 

10.010168 

10.010196 

10.010223 

10.010251 

10.010279 

10.010307 

10.010335 

10.010363 

10.010390 

10.010418 

10.669624 

10.669247 

10.668671 

10.668097 

10.667522 

10.666049 

10.666370 

10.665805 

10.665233 

10.664661 

29 

28 

2 i: 

20 

25 

31 

22 

22 

21 

20 

| 

■ 

9.989553 

9.969525 

9.989497 

9.969469 

9.989441 

9.989413 

9.989385 

9.989356 

9.989328 

9.989300 

». 346353 
9.346949 
9.347545 
9.348141 
9.348735 
9.340329 
9.349922 
9.350514 
9.351106 
9.351697 

10.653647 

10.653051 

10.652455 

10.651859 

10.651265 

10.650671 

10.650078 

10.649486 

10.648894 

10.648303 

10.010447 

10.010475 

10.010503 

10.010531 

10.010559 

10.010587 

10.010615 

10.010644 

10.010672 

10.010700 

10.664094 

10.663538 

10.662957 

10.663399 

10.661834 

10.661258 

10.660609 

10.660129 

10.659560 

10.659004 

* 

8 

77) 

* 

25 

24 

8 

0 

21 I 
8 


9.341558 

9.342119 

9.342679 

9.343239 

9.343797 

9.344355 

9.344912 

9.345469 

0.346024 

9.346579 

9.989271 

9.989243 

9.989214 

9.989186 

9.989157 

9.989128 

9.989100 

9.989071 

9.989042 

9.989014 

9.352287 

9.352876 

9.353465 

9.354053 

9.354640 

9.355227 

9.355813 

9.356398 

9.356982 

9.357566 

10.647713 

10.647124 

10.646535 

10.645947 

10.645360 

10.644773 

10.644187 

10.643602 

10.643018 

10.642434 

10.010729 

10.010757 

10.010786 

10.010814 

10.010843 

10.010872 

10.010900 

10.010929 

10.010958 

10.010986 

10.658442 

10.657881 

10.667321 

10.656761 

10.656291 

10.655615 

10.655068 

10.654521 

10.652970 

10.653421 

19 

V 

14 

ti 

14 

12 

12 

11 

10 

51 

62 

63 

64 
55 
66 

57 

58 
50 
60 

m 355 

waKa 

9.988985 

9.988956 

9.988927 

9.988898 

0.988869 

9.988840 

9.988811 

9.988782 

9.988753 

9.988724 

9.358149 

9.358731 

9.359313 

9.359893 

9.360474 

9.361053 

9.361632 

9.362210 

9.362787 

9.363364 

10.641851 

10.641269 

10.640687 

10.640107 

10.639526 

10.638947 

10.638368 

10.637790 

10.637213 

10.636636 

10.011015 

10.011044 

10.011073 

10.011102 

10.011131 

10.011160 

10.011189 

10.011218 

10.011247 

10.011276 

10.652869 

10.652219 

10.651790 

10.651298 

10.659667 

10.656197 

10.649657 

10.649008 

10.648460 

10.647911 

9 

$ 

T 

1 

1 

4 

2 

2 

1 

1 

It 

Co-sine 


Sine. 


Co tan. 


I'ang. 

[Co-sec. 

Secant! *] 

| 77 Degrees. I| 
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TABLE XXV. 

LOGARITHMIC SINH8, TANGENTS, AND SBCANTS. 




48 
48 
50 
48 
48 
50 
48 
50 
48 
50 
48 
50 

9.988842 
9.988812 
9.968282 I 
9.968252 V* 
9.988223 ^ 
9.988198 In 


9.968401 

9.968871 



50 
50 
48 
50 

9:988168 l° Q 
9.988133 ” 

9.988103 fi0 
9.988078 50 
9.988043 ll 
9.988013 50 
9.087983 50 
9.987953 50 
9.987922 £ 
9.987892 50 
9.987862 fi0 
9.987832 ™ 
9.987801 50 
9.987771 52 
9.987740 
9.987710 53 
9.987679 5 J 
9.987649 53 
9.987618 50 
9.987588 62 
9.987557 53 
jh087526 ll 
9.987496 53 
9.987465 53 
9.987434 53 
9.987403 52 
9.987372 It 
9.987341 52 
9.987310 52 
9.987279 50 
9.987248 59 
9.987217 52 
9.987186 52 
9.987155 52 
9.987124 53 
9.987092 52 
9.987061 50 
9.987030 5 1 
9.986998 59 
9.986967 
9.986936 r Z 
9.086904 


Sine. 


13 Degrees. 


Tang. 



70 Degrees. 








































































































































































































TABLE XXV. 

LOGARITHMIC 8INES, TANGENTS, AND SECANTS. 


_ 14 Degrees. 


Secant. 


.4WWU0 807 
806 

.402972 ante 
J03455 5* 
• 403938 on* 
.404420 g02 
.404901 go! 
.405382 g00 
.405862 799 
.406341 7Qg 
.406820 7Q7 

jSttjt 796 
.407777 785 

• 10^4 

.408731 m 

.409207 ™ 

.409682 7 q« 

.410157 

.410632 

.411106 

.411579 7gg 

.412052 ™ 

.412524 '£1 

.412996 




9.986904 

9.986873 

9.986841 

9.986809 

9.986778 

9.986746 

9.986714 

9.986683 

9.98665] 

9.986619 

9.986587 

9.986555 

9.986523 

9.986491 

9.986459 

9.986427 

9.086395 

9.986363 

9.986331 

9.986299 

9.986266 

9.986234 

9.986202 

9.986169 

9.986137 

9.986104 

9.986072 

9.986039 

9.986007 

9.985974 

9.985942 

9.985909 

9.985876 

9.985843 

9.985811 

9.985778 

9.985745 

9.985712 

9.985679 

9.985646 

9.985613 

9.985580 

9.985547 

9.985514 

9.985480 

9.985447 

9.985414 

9.985381 

9.985347 

9.985314 

9.985280 


9. 

9.985213 

9.985180 

9.985146 

9.985113 

9.985079 

9.985045 

9.985011 

9.984978 

9.984944 


Sine. 




0 . 

10.60269110, 
10.602154 10 
10.601617 10, 
10.60108110. 
10.600545 10, 
10.60001010, 
10.59947610, 
10.59894210, 
10.59840910. 
10.59787610. 
10.59734410. 
10.59681310. 
10.59628210. 
10.59575110. 
10.595222 10. 
10.59469210. 
10.594164 10. 
10.59363610. 
10.593108 10. 
10.592581 10. 
10.592055 10. 
10.59152910. 
10.591003 10. 
10.590479 10. 
10.589955 10. 
10.589431 10. 
10.58890810. 
10.588385 10. 
10.587863 10. 
10.587342 10. 
10.586821 10. 
10.586301 10. 
10.585781 10. 
10.58526210. 
10.58474310. 
10.584225 10. 
10.58370710. 
10.58319010. 
10.582674 10. 
10.58215810. 
10.581642 10. 
10.581127 10. 
10.58061310. 
10.58009910. 
10.579585 10. 
10.57907310. 
10.57856010. 
10.57804810. 
10.57753710. 
10.57702610. 
10.576516 10. 
10.57600710. 
10.575497 10. 
10.57498910. 
10.57448110. 
10.573973 10. 
10.57346610. 
10.57295910. 
10.572453110. 
10.57194810. 


0 
10 
10 

,013191 10 
013222 10 
013254 10 
01328610 
013317 10 
01334910 
01338110 
013413 10 
013445 10 
013477 10 
01350910. 
013541 10. 
013573 10. 
013605 10. 
013637 10. 
013669 10. 
013701 10. 
013734 10, 
01376610. 
01379810, 
01383110. 
01386310. 
01389610. 
01302810. 
013961 10, 
013993 10. 
014026 10, 
014058 10. 
014091 10. 
014124 10. 
014157 10. 
01418910. 
01422210. 
014255 10. 
014288 10. 
014321 10. 
014354 10. 
014387 10. 
01442010. 
014453 10. 
01448610. 
01452010. 
014553 10, 
01458610. 
01461910. 
014653 10. 
01468610. 
01472010. 
014753 10. 
01478710. 
01482010. 
014854 10. 
01488710. 
01492110. 
014955 10. 
014989 10. 
01502210. 
01505610. 

s 


60 

.61581b 59 
.615813 58 
.614808 57 
.614803 56 
.613799 55 
613296 54 
012793 53 
612291 62 
.611790 51 
611289 50 
6107SS 
610289 
609790 
609292 46 
608794 45 
608297 44 
607801 43 
607305 43 
606810 41 
606315 40 
605821 


60188S 

601400 

600913 


503180 

592701 

592223 

591746 

591269 

590793 

590318 

589843 

5S9368 

588894 

588421 

58794 

68747 

687004 


75 Degrees. 
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TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


126 


Sine. iDiff. 


w. 


15 Degrees, 
Tang. IDiff. 


9.412096 

9.413467 

9.413938 

9.414408 

9.414878 

9.415347 

9.415815 

9.416283 

9.416751 

9.4172171 

9.417684 


11 9.418150| 

12 9.418615 

13 9.419079| 

14 9.419544 

15 9.420007 

16 9.420470 

17 9.420933 

18 9.421395 

19 9.421857 
9.422318 


9.427354 

9.427809 

9.428263 

9.428717 

9.429170 

9.429623 

9.430075 

9.430527 

9.430978 

9.431429 


57 

58 

59 
GO 


9.4227781 

9.423238 

0.423697 

9.424156 

9.424615 

9.425073 

9.425530 

9.425987 

9.426443 

9.426899 


9.431879 

9.432329 

9.432778 

9.433226 

9.433675 

9.434122 

9.434569 

9.435016 

9.435462 

9.435908 


9.436353 

9.436798 

9.437242 

9.437686 

9.438129 

9.438572 

9.439014 

9.439456 

9.439897 

9.440338! 


M Co-sine| 


785 

784 

783 

783 

782 

781 

780 

779 

778 

777 

776 

775 

774 

773 

773 

772 

771 

770 

769 

768 

767 

767 

766 

765 

764 

763 

762 

761 

760 

760 

759 

758 

757 

756 

755 

754 

753 

752 

752 

751 

750 

749 

749 

748 

747 

746 

745 

744 

744 

743 

742 

741 

740 

740 

739 

738 

737 

736 

736 

735 


Co-sine, 


9.984944 

9.984910 

9.984876 

9.981842 

9.984808 

9.984774 

9.984740 

9.984706 

9.984672 

0.984638 

9.984603 


9.984569 

9.964535 

9.984500 

9.984466 

9.984432 

9.984397 

9.984363 

9.984328 

9.984294 

9.984259 


9.984224 
9.984190| 
9.984155 
0.984120 
9.984085 
9.984050 
9.9840151 
9.983981 
9.983946| 
0.983911 


9.983875 

0.983840 

9.983805 

9.983770 

9.983735 

9.983700 

9.983664 

9.983629 

9.983594 

9.983558 


9.983523 

9.983487 

9.983452 

9.983416| 

9.983381 

9.983345 

9.9833091 

9.983273 

9.983238 

9.983202 


9.983166 

9.983130 

9.983094 

9.983058 

9.983022 

9.982986 

9.982950 

9.982914 

9.982878 

9.982842 


Sine. 


9.428052 

9.428557 

9.429062 

9.429566 

9.430070 

9.430573 

9.431075 

9.431577 

9.432079 

9.432580 

9.433080 


9.433580 
9.434080 
9.434579 
9.435078 
9.435576 
9.436073 
9.436570 
9.437067 
9.437563! 
9.438059 


9.438554 

9.439048 

9.439543 

9.440036 

9.440529 

9.441022 

9.441514 

9.4120961 

9.442497 

9.442988 

9.443479 

9.443968 

9.444458 

9.444947 

9.445435 

9.445923 

9.446411 

9.440898) 

9.4473841 

9.447870 


9.4483561 

9.448841 

9.449326 

9.449810 

9.450294 

9.450777 

9.451260 

9.451743 

9.452225 

9.452706 


9.453187 

9.453668 

9.454148 

9.454628 

9.455107 

9.455586 

9.456064 

9.456542 

9.457019 

9.457496 


ICo-tan. 


842 

841 

840 

839 

838 

838 

837 

836 

835 

834 

833 

832 

832 

831 

830 

829 

828 

828 

827 

826 

825 

824 

823 

823 

822 

821 

820 

819 

819 

818 

817 

816 

816 

815 

814 

813 

812 

812 

811 

810 

809 

809 

808 

807 

806 

806 

805 

804 

803 

802 

802 

SOI 

800 

799 

799 

798 

797 

796 

796 

795 


Co-tan. 

Secant. 

Co-sec. 

10.571948 

10.571443 

10.570938 

10.570434 

10.569930 

10.569427 

10.568925 

10.568423 

10.567921 

10.567420 

10.566920 

10.015056 

10.015090 

10.015124 

10.015158 

10.015192 

10.015226 

10.015260 

10.015294 

10.015328 

10.015362 

10.015397 

10.587004 

10.586533 

10.586062 

10.585592 

10.585122 

10.584653 

10.584185 

10.583717 

10.583249 

10.582783 

10.582316 

10.566420 

10.565920 

10.565421 

10.564922 

10.564424 

10.563927 

10.563430 

10.562933 

10.562437 

10.561941 

10.015431 

10.015465 

10.015500 

10.015534 

10.015568 

10.015603 

10.015637 

10.015672 

10.015706 

10.015741 

10.581850 

10.581385 

10.580921 

10.580456 

10.579993 

10.579530 

10.579067 

10.578605 

10.578143 

10.577682 

10.561446 

10.560952 

10.560457 

10.559964 

10.559471 

10.558978 

10.558486 

10.557994 

10.557503 

10.557012 

10.015776 

10.015810 

10.015845 

10.015880 

10.015915 

10.015950 

10.015985 

10.016019 

10.016054 

10.016089 

10.577222 

10.576762 

10.576303 

10.575844 

10.575385 

10.574927 

10.574470 

10.574013 

10.573557 

10.573101 

10.556521 

10.556032 

10.555542 

10.555053 

10.554565 

10.554077 

10.553589 

10.553102 

10.552616 

10.552130 

10.016125 

10.016160 

10.016195 

10.016230 

10.016265 

10.016300 

10.016336 

10.016371 

10.016406 

10.016442 

10.572646 

10.572191 

10.571737 

10.571283 

10.570830 

10.570377 

10.569925 

10.569473 

10.569022 

10.568571 

10.551644 
10.551159 
10.550674 
10 550190 
10.549706 
10.549223 
10.548740 
10.548257 
10.547775 
10.547294 

10.016477 

10.016513 

10.016548 

10.016584 

10.016619 

10.016655 

10.016691 

10.016727 

10.016762 

10.016798 

10.568121 

10.567671 

10.567222 

10.666774 

10.666325 

10.565878 

10.565431 

10.564984 

10.564538 

10.564092 

10.546813 

10.546332 

10.545852 

10.545372 

10.544893 

10.544414 

10.543936 

10.549458 

10.542981 

10.542504 

40.016834 

10.016870 

10.016906 

10.016942 

10.016978 

10.017014 

10.017050 

10.017086 

10.017122 

10.017158 

10.563647 

10.563202 

10.562758 

141.562314 

10.561871 

10.561428 

10.560986 

10.660544 

10.560103 

10.559662 

Tang. 

Co-sec. 
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74 Degrees. 
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TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


Co-sine. 


10 Degrees 


ID. I Tang. 




Secant 


0.982441 
9.902404 
9.902SC7 
9.982831 
9.982294 
9.982257 
9.902220 
9.982188 
9.902146 
0.982109 
902072 
9.002085 
9.901990 
9.981961 
9.981924 
9.981886 
9.901849 
9.981812 
9.981774 
9.981787 
9.981700 
9.981662 
9.901025 
9.901587 
9.901549 
9.901512 
0.981474 
9.981486 
9.901899 
9.981861 
9.081828 
9.981285 
9.901247 
9.081209 
9.081171 
9.981138 
9.981095 
9.981057 
9.981019 
9.980981 
9.980942 
0.900904 
9.980866 
9.980827 
9.080789 
9.980750 
9.980712 
0.900678 
9.980635 
9.980596 


457496 7Q4 
457978 793 
458449 793 
458925 709 
469400 7oi 
459875 loo 
460349 7oo 
460828 789 
461297 jgg 
461770 ygg 
402348 w 
462714 786 
463186 785 
468658 785 
464128 784 
464599 78j 
465069 7 83 
466589 782 
466000 78J 
466476 7go 
460M6 780 
46741S jjg 
467880 778 
408S47 778 
468814 777 
469280 77 6 
469740 775 
470211 775 
470676 774 
471141 773 
471605 773 
472068 772 
472582 771 
472995 77! 
473457 770 
473919 709 
474881 709 
474842 708 
475808 707 
475763 707 
476223 700 
476683 705 
477142 705 
477601 764 
478059 7«o 
478617 708 
478975 702 
479432 701 
479889 7e , 
480345 7oo 

jggggj 759 
481257 769 
481712 .cq 
482107 
482621 757 
483075 75C 
483529 75 , 
483982 755 
484435 754 
484887 
485339 753 


.5425041 
10.54202710 
10.641551 10, 
10.541075 10, 
10.540600 10. 
10.64012510. 
10.68965110. 
10.53917710, 
10.588703 10. 
10.53828010. 
10.58775810. 
10.53728610. 
10.536014 10. 
10.586842 10. 
10.585872 10. 
10.635401 10. 
10.584981 10. 
10.53446110. 
10.53399210. 
10.53852410. 
10.538055 10. 
10.63258710. 
10.53212010. 
10.581653 10. 
10.53118610. 
10.68072010. 
10.530254 10. 
10.52978910. 
10.629824 10. 
10.528859 10. 
10.528895 10. 
10.527932 10. 
10.52746810. 
10.527005 10. 
10.526548 40. 
10.526081 10. 
10.525619 10. 
10.52515810. 
10.62469710. 
10.524287 10. 
10.523777 10. 
10.523317 10. 
10.522858 10. 
10.52239910. 
10.521941 10. 
10.52148310. 
10.521025 10. 
10.520568 10. 
10.52011110. 
10.519655 10. 
10.51919910. 


158 1 
.017195 10. 
.017281 10, 
.017267 10, 
.017804 10. 
,017840 10. 
,017376 10. 
,017413 10. 
,01744910, 
,017486 10. 
017528 10. 
01755910, 
01759610. 
017688 10. 
01766910. 
01770610. 
017748 10. 
017780 10. 
017817 10. 
017854 10. 
017891 10. 
01792810. 
017965 10. 
018002 10 . 
018089 10. 
018076 10. 
018114 10. 
018151 10. 
01818810. 
018226 10 . 
018263 10 . 
018800 10 . 
01883810. 
018375 10. 
018413 10. 
018451 10. 
01848810. 
,01852610. 
018564 10. 
,01860110. 
,018689 10. 
018677 10. 
018715 10. 
018753 10. 
018791 10. 
01882910. 
018867 10. 
018905 10. 
018943 10. 
018981 10. 
01901910. 


10.518743 

10.518288 

10.517883 

10.517379 

10.516925 

10.516471 

10.516018 

10.515565 

10.515113 

10.514661 


Tang. 


10.019058 10 
10.01900610 
10.019184 10 
10.01917310 
10.019211 10 
10.01925010 
10.019288 10 
10.019327 10 
10.019365 10 
110.019404 10 


Co-sec. 


.559662 60 
.659222 » 
>.558782 58 
.558842 57 
.557904 56 
.557465 55 
.557027 54 
.556590 51 
>.556158 52 
.565716 51 
.555280 50 
.554846 49 
.554410 48 
.553975 47 
.558541 46 
.558107 45 
.552074 44 
.552241 41 
.551809 42 
.551377 41 
.550946 40 
.550516 SO 
.550005 88 
.549655 17 
.549225 16 
.540796 15 
.548868 14 
.547940 11 
.647612 12 
.547005 11 
.646658 10 
.546282 20 
.545806 28 
.545881 27 
.544056 26 
.544531 25 
.544107 24 
.648684 21 
.548261 22 
.542888 21 
.542416 20 
.541994 ~ 
.641573 18 
.641152 17 
.540782 16 
.640812 15 
.589892 14 
.589473 11 
.539054 12 
.538686 11 
.638218 10 
.587801 9 

.637884 8 

.586968 7 
.586552 6 
.586186 6 

.685721 4 
.685306 8 
.684892 2 
.584478 1 
.584065 0 


KfSBETTnjb.il 
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TABLE XXV. 

LOGARITHMIC SIKES, TANGENTS, AND SECANTS. 


17 Degrees. 


Tang. IDifF.I Co-tan. I Secant 






.471079 
.473086 
.473493 



480937 SSS 
481334 ** 
481781 ** 
48 . 1«8 “} 

.4839911 «“ 

669 
668 
667 
667 
666 
666 
666 



9.980596 

9.980558 

9.980519 


63 

9.980519 55 
9.980480 SS 

9.980442 S? 
9.980403 
9.980364 SS 
9.980335 SS 
9.980286 SS 
9.980247 SS 

9.980208 SS 

9.980169 ft* 
9.980180 SS 


65 
65 
65 
65 
65 
65 

65 

9.980169 a* 
9.980180 SS 
9.980091 at 
9.960052 SS 
9.980012 Si 
9.979973 SS 
9.979934 SS 
9.979895 SS 
9.979855 Si 
9.979810 JjJ 
9.979776 ^ 
9.979737 Jj? 

66 
67 

9.979579 55 
9.979539 Si 
9.979499 Si 
9.979459 Si 
9.979420 


9.979737 

9.979697 

9.979668 

9.979618 

9.979579 


66 
67 

9.9793801 ft- 
9.97934°| ^ 

67 
67 
67 
67 

67 

68 
67 
67 

9.978979 — 
9.978939 SI 
9.978898 SS 
9.978868 SI 
9.978817 SS 
9.978777 Si 
9.978737 Si 
9.978696 So 
9.978665 SS 
9.978616 


9.978674 


9.979340 

9.979800 

9.979260 

9.979220 

9.979180 

9.979140 

9.979100 

9.979069 

9.97901 


68 
67 

67 

68 
68 

67 

68 

9.978633 55 

9.978493 Si 
9.978462 SS 
9.978411 SS 
9.978370 SS 
9.978329 SS 
9.978288 SS 
9.978247 SS 
9.978206 



Digitized by Google 


















































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


.490371 ™ 
490759 x ! 7 
.491147 
.491535 ZTfi 
.491922 
.492308 HI 
.492695 ™ 
.493081 
.493466 J" 

642 

.494236 ft,, 
.494621 JJJ 
.496006 £J‘ 
.495888 
.495772 
.496154 
.496587 
.496910 XTl 
.497801 5?I 
.497682 


9.978206 

9.978165 

9.978124 

9.978083 

9.978042 

9.978001 

9.977959 

9.977918 

9.977877 

9.977835 

9.977794 

9.977752 

9.977711 

9.977669 

9.977628 

9.977586 

9.977544 

9.977503 

9.977461 

9.977419 

9.977377 

9.977335 

9.977293 

9.977251 

9.977209 

9.977167 

9.977125 

9.977083 

9.977041 

9.976999 

9.976957 

9.976914 

9.976872 

9.976830 

9.976787 

9.976745 

9.976702 

9.976660 

9.976617 

9.976574 

9.976532 

9.976489 

9.976446 

9.976404 

9.976361 

9.976318 

9.976275 

9.976232 

9.976189 

9.976146 

9.976103 

9.976060 

9.976017 

9.975974 

9.975930 

9.975887 

9.975844 

9.975800 

9.975757 

9.975714 

9.975670 


Sine. 


18 Degrees 


I Tang. IDiff. 


9.511776 71A 
9.512206 
9.512635 
9.513064 *1* 
9.513493 
9.513921 7 {* 
9.514349 
9.514777 
9.515204 \\i 
9.515631 7 :f 

9.516057 

-710 

9.516484 710 

9.516910 
9.517335 7 XX 
9.517761 
9.518185 Vil 
9.518610 7 „ 7 
9.519034 7 XX 
9.519458 ™ 
9.519882 7 XX 
9.520305 ™ 
9.520728 704 
9.521151 Hi 
9.521573 
9.521995 
9.522417 HI 
9.522838 Ixf 
9.523259 —7 
9.523680 7 «! 
9.524100 7 XX 

!£“»? 699 
9.524939 C99 
9.525359 "XX 
9.525778 
9.526197 “07 
9.526615 ™ 
9.527033 ?Xi 
9.527451 ®XX 
9.527868 ®XX 
9.528285 
9_ I 62 2 70 ? 
9.529119 6g4 
9.529535 XXX 
9.529950 XXX 
9.530366 ™ 
9.530781 ™ 
9.531196 ™ 
9.531611 XXi 
9.532025 
9.5324391 XXX 
9.532853 
9. 



Co-tan. I Secant. I Lo-sec. i m 


.5100181 61 

10.467794110.021835ll0.509629i 49 

10 . 

10.48693610. 

10.486507 10. 

10.48607910. 

10.485651 10.02204110.607692 N 
10.485223 10.022082 10.507306 69 
10.48479610.02212310.506919 69 
10.48436910.02216510.506634 51 
10.48394310.022206 10.506149 54 


10.48351610. 
10.48309010. 
10.482665 10. 
10.48223910. 
10.481815 10. 
10.48139010. 
10.480966 10. 
10.48054210. 
10.48011810. 
10.479695 10. 
10.479272 10. 
10.478849 10. 
10.478427 10 , 
10.478005 10. 
10.477583 10. 
10.477162 10. 
10.476741 10. 
10.47632010. 
10.475900 10, 
10.47548010, 
10.475061 10. 
10.474641 10. 
10.474222 10. 
10.47380310. 
10.473385 10. 
10.472967 10. 
10.472549 10, 
10.472132 10, 
10.471715 10, 
10.471298 10, 
10.470881 10. 
10.470465 10, 
10.470050 
10.469634 10, 
10.46921910, 
10.46880410, 
10.46838910, 
10.467975 10 
10.46756110 
10.467147 10 


02204110. 
022082 10 . 
02212310. 
022165 10. 
022206 10 . 
0222-18 10 . 
022289 10. 
022331 10. 
022372 10. 
022414 10. 
02245610. 
02249710. 
022539 10. 
02258110. 
02262310. 
02266510. 
022707 10 
022749 10 
022791 10 
022833 10 
022875 10 
022917 10 
022959 10 
023001 10 
023043 10 
02308610 
023128 10 
023170 10 
023213 10 
023255 10 
023298 10 
023340 10 
023383 10 
023426 10 
023468 10 
023511 10 
023554 10 
10 

02363910 
02368210 
023725 10 
023768 10 
023811 10 
023854 10 
023897 10 


10.466734 10.023940 10 
10.466321 10.023983 10 
10.465908 10.024026 10 
10.46549610.024070 10 
10.465084 10.02411310 
10.46467210.024156 10 
10.464261 10.024200 10 
10.46385010.021243 10 
10.463439 10.024286 10 
10.46302810.024330 10 


.508465 « 
.508078 53 
.507692 54 
.507305 59 
>.506919 59 
.506534 51 
1.506149 54 
1.505761 49 
1.505379) 45 
1.504995 47 
>.504612 44 
1.504228 45 
1.503816 44 1 
1.503465 43 
1.503081 42 
1.502699 411 
>,502318 44 
>.501936 29 
>.501556 S$ j 
>.501175 37 
>.500796 26 
>.500416 25 
>.500037 24 
>.499658 21 
>.499279 22 
>.498901 21 
>.4985241 26 
>.4981461 29] 
>.497760 2* 
>.497391 If 
>.497016 *! 
>.496610 25 
>.496265 24 i 
>.495890 0 
>.495515 23 
>.495141 0 
>.494766 0 
>.494392 19 
>.494019 18 
>.493646 IT | 
>.493273 16 
>.493901 15 
>.493529 14| 
>.499157 0 
>.491786 U 
>.491415 11 
>.491044 0 
>.490674 f 
>.490304 6 
>.489935 T 
>.489566 4 
>.489197 4 
>.488838) 4 
>.486466 3 
>.488093) t 
>.487735 1 
>. 48735 *' 6 


I Tang. I Co-sec. 
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TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECA NTS. 

19 Degrees. 

M | Sine. Dill*. Co-sine.l 1). Tang. |Dift*. Co-tan. | Secant. Co-sec. M 

"T"^. 512642, ri « 9.975670 TT 9.530972 rR1 110.463028 10.024330 10.487358 60 

1 9.513009 JjJ, 9.975627 9.537382 J^.! 10.46261b 10.024373 10.48G991 59 

2 9.513375 ?! 9.975563 9.537792 10.462206 10.024417 10.486625 58 

3 9.513741 9.975539 9.538202 10.461796 10.024461 10.466259 57 

4 9.514107 ^.975496 70 9.53S611 10.46138910.024504 10.485693 56 

5 9.514472 rjjn 9.915452 9.539020 ™ 10.460980 10.024548 10.485528 55 

6 9.514837 9.975408 ‘t 9.539429 ?„} 10.460571 10.024592 10.485163 54 

7 9.515202 9.975365 „ 9.539837 10.460163 10.024635 10.484798 53 

8 9 515566 ? A7 9.975321 9.540245 10.459755 10.021679 10.484434 52 

9 9.515930 rzL 9.975277 9.540653 10.459347 10.024723 10.484070 51 

10 9.516294 T" 9.975233 9.541061 ‘ 10.45893910.024767 10.483706 50 

11 9.516057 9.975189 ™ 9.541468 10.45853210.024811 10.483343 49 

12 9.517020 9.975145 9.541875 10.458125 10.024855 10.482980 48 

13 9.517382 9.975101 Vi 9.542281 10.457719 10.024899 10.482618 47 

14 9.517745 ??; 9.975057 9.542088 ill 10.457312 10.024943 10.482255 46 

15 9.518107 9.975013 It 9.543091 10.45690610.024987 10.481893 45 

16 9.518468 ™ 9.974969 l * 9.543499 10.456501 10.025031 10.481532 44 

17 9.518829 ™ 9.974925 9.543905 10.456095 10.025075 10.181171 43 

18 9.519190 9.974880 'j 9.544310 10.455690 10.025120 10.480810 42 

19 9.519551 ?.>! 9-^4836 '! 9.544715 il° A 10.455285 10.025164 10.480449 41 

20 9.519911 9.974792 l 9.545119 10.454881 10.025208 10.480089 40 

W 9.520271 rAn 9.974748 9.545524 10.45447610.02525210.479729 39 

22 9.520631 ™ 9.974703 9.545928 ? 7 ? 10.45407210.025297 10.479369 38 

•23 9.520990 9-974659 '} 9.516331 r lt 10.45366910.025811 10.479010 37 

24 9.521349 ™ 9.974614 V\ 9.546735 VA 10.453265 10.025380 10.478651 36 

25 9.521707 AZ. 9.974570 * ± 9.517138 10.452802 10.025430 10.478293 35 

26 9.522066 cot 9.971525 9.547540 "} 10.452460 10.025475 10.477934 34 

27 9.522424 ™ 9.971481 'T 9.547943 ?' A 10.452057 10.025519 10.477576 33 

28 9.522781 ™ 9.974436 V\ 9.548345 10.451655 10.025561 10.477219 32 

29 19.523138 Az 9.974391 9.548747 10.451253 10.025609 10.476862 31 

30 9.523495 9.971347 4 * 9.549149 10.450851 10.025653 10.476505 30 

3 T 9.523852 9.974302 9.549550 jLj! 10.450450 10.025698 10.476148 29 

32 9.524208 A* 9.974257 LZ 9.549951 ££ 10.450019 10.025743 10.475792 28 

33 9.524564 ™ 9-974212 Vt 9.550352 ™ 10.449648 10.025788 10.475436 27 

34 9.524920 ZVl 9.974167 Vi 9.550752 10.449248 10.025833 10.475080 26 

35 9.525275 At 9.974122 Vi 9.551152 10.448848 10.025878 10.474725 25 

36 9.525630 * A f 9.974077 Vi 9.551552 10.448448 10.025923 10.474370 24 

37 9.525US4 Al 9.974032 Vi 9.551952 iiz 10.448048 10.025068 10.474016 23 

38 9.526339 9.973987 Vi 9.552351 10.447649 10.026013 L0.173661 22 

39 9.526693 ™ 9.973912 I* 9.552750 10.447250 10.026058 10.473307 21 

10 9.527046 ^ 9.973897 9.553149 10.446851 10.02610310.472954 20 

IF9.527400 °, UQ 9.973852 I* 9.553548 10.446452 10.02614K 10.472600 19 

42 9.527753 9.973807 ™ 9.553946 ^ 10.446054 10.026193 10.472217 18 

43 9.528105 9.973761 9.554311 10.445656 10.026239 10.171895 17 

14 9.528458 9.973716 9.554741 ££ 10.445259 10.026284 10.171542 16 

45 9.528810 Zul 9.973671 '? 9.555139 10.444861 10.026329 10.171190 15 

46 9.529161 °Al 0.973625 i? 9.555536 10.444464 10.026375 10.170S39 14 

47 9.529513 ??? 9.9735S0 '? 9.555933 10.441067 10.026120 10.470487 13 

48 9.529861 ??? 9.973535 '? 9.556329 10.443671 10.026165 10.470136 12 

49 9.530215 ??? 9.973189 Vi 9.556725 10.443275 10.026511 10.469785 11 

50 9.530565 9.973111 ™ 9.557121 10.44287910.02655610.469435 10 

TT 9.530915 9.973398 I? 9.557517 r - A 10.442483 10.026602 10.469085 9 

52 9.531265 9.973352 '? 9.557913 10.442087 10.026648 10.468735 8 

53 9.531614 tit 9.973307 ,1? 9.558308 10.441692 10.026693 10.468386 7 

54 9.531963 * 2 ? 9.973261 Vi 9.558702 J!?” 10.441298 10.026739 10.468037 6 

55 9.532312 9.973215 Vi. 9.559097 10.410903 10.026785 10.467688 5 

56 9.532661 ??} 9.973169 '? 9.559491 10.440509 10.026831 10.467339 4 

57 9.533009 ??? 9.973124 '? 9.559885 “ 10.440115 10.02687610.166991 3 

58 9.533357 ??? 9.973078 ™ 9.560279 10.439721 10.02692210.466043 2 

59 9.533704 9.973032 \ ‘i. 9.560673 ??? 10.439327 10.026908 10.466290 1 

60 9.534052 57 J 9.9720861 19. 561066 OJ * 10.43893410.027014 10.46.5948 0 

M~|Co-sine Sine. | iCo-tan. Tang. Co-sec. Secan t. 

70 Degrees. R 












TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


20 Degrees. _ 


Tang. IDiff. 


Diff.lCo-sine.l D. 


9.972986 
9.972940 
9.972894 
9.972848 
9.972802 
9.972755 „ 
9.972709 II 
9.972663 I' 
9.972617 II 
9.972570 I; 
9.972524 II 



9.972105 
9.972058 
972011 
9.971964 
9.971917 
9.971870 
9.971823 
9.971776 
9.971729 
9.971682 
9.971635 
9.971588 
9.971540 
9.971493 
9.971446 
9.971398 
9.971351 
9.971303 
0.971256 
9.971208 
9.971161 
9.971113 
9.971066 
9.971018 
9.970970 
9.970922 
9.970874 
9.970827 
9.970779 
9.970731 
9.970683 
9.970635 
9.970586 
9.970538 
9.970190 
9.970442 
9.970394 
9.970345 
9.970297 
9.970219 
9.970200 
9.970152 


Sine. 




9.565373 

9.565763 

9.566153 

9.566512 

9.566932 

9.567320 

9.567709 

9.568098 

9.568486 

9.568873 

9.569261 

9.569648 

9.570035 

9.570422 

9.570809 

9.571195 

9.571581 

9.571967 

9.572352 

9.572738 

9.573123 

9.573507 

9.573892 

9.574276 

9.574660 

9.575044 

9.575427 

9.575810 

9.576193 

9.576576 

9.576958 

9.577341 

9.577723 

9.578104 

9.57848G 

9.578867 

9.579248 

9.579629 

9.580009 

9.580389 

9.580769 

9.581149 

9.581528 

9.581907 

9.582286 

9.582665 

9.583043 

9.583122 

9.583800 

9.584177 


.436581 

.436189 

.435798 

.435408 

.433017 

.434627 

.434237 

.433847 

.433458 

.433068 

.432680 

.432291 

.431902 

.431514 

.431127 

.430739 

.430352 

.429965 

.429578 

.429191 

.428805 

.428419 

.428033 

.427648 

.427262 

.426877 

.426493 

.426108 

.425724 

.425340 

.424956 

.424573 

.424190 

.423807 

.423424 

.423042 

.422659 

.422277 

.421896 

.421514 

.421133 

.420752 

.420371 

.419991 

.419611 

.419231 

.418851 

.418472 

.418093 

.417714 

.417335 

.416957 

.416578 

.416200 

.415823 


Co-sec. 

□ 

10.465948 

GO 


59 

I » 1 

58 


57 

1 1 1 

56 

10.461217 

55 

10.463871 

54 

10.463526 

53 

10.463182 

52 

10.462837 

51 

10.462493 

50 

10.4621491 

49 

10.46180^ 

48 

10.461462 

47 

10.461120 

46 

10.460777 

45 

10.460435 

44 

10.460093 

43 

10.459751 

42 

10.459410 

41 

10.459069 

40 

10.458728 

39 

10.458387 

38 1 

10.458047 

37 

10.457707 

36 

10.457368 

35 

10.457020 

31 

10.456690 

33 

10.456351 

32 

10.456013 

31 

10.453675 

30 


10.028460 10 
10.028507 10 
10.028554 10 
10.028602 10 
10.028649 10 
10.028697 10 
10.028744 10 
10.02879210 
10.02883910 
10.028887 10 
10.028934 10 
10.02898210 
10.02903010 
10.029078 10 
10.02912610 
10.02917310 
10.02922110 
10.029269 10 
10.029317 10 
10.029365 10 
10.029414 10 
10.029462 10 
10.02951010 
10.029558 10 
10.02960610 
10.029655 10 
10.02970310 
10.029751 10 
10.02980010 
10.029848 10 

Co-sec. S< 


10.455337 

10.455000 

10.454662 

10.454326 

10.453989 

10.453653 

10.453347 

10.452981 

10.452646 

10.452311 

10.451976' 

10.451641 

10.451307 

10.450973 

10.450640 

10.450307 

10.449974 

10.449641 

10.449308 

10.448976 

10.448644 

10.448313 

10.447982 

10.447651 

10.447329 

10.446990 

10.446659 

10.446330 

10.446000 

10.445671 

Secant. 


69 Degrees. 


y Google 














































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


21 Degrees. 


Secant. 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
_9 

9.969616 
9.969567 
9.969518 
9.969469 
9.969420 
9.969370 
9.969321 
9.969272 
9.969223 
9.969173 
9.969124 
9.969075 
9.969025 
9.968976 
9.968926 
9.968877 
9.968827 
9.968777 
9.968728 
9.968678 
9.968628 
9.968578 
9.968528 
9.968479 
9.968429 
9.968379 
9.968329 
9.968278 
9.968228 
9.968178 
9.968128 
9.968078 
9.968027 
9.967977 
9.967927 
9.967876 
9.967826 
9.967775 
9.967725 
9.967674 
9.967624 
9.967573 
9.967522 
9.967471 
9.967421 
9.967370 
9.967319 
9.967268 
9.967217 
9.967166 


9.584177 
9.584555 
.584932 
9.585309 
9.585686 
9.586062 
9.5864&D 
9.586815 
9.587190 
9.587560 
9.587941 
9.588316 
9.588691 
0.589066 
9.589440 
9.589814 
9.590188 
9.590562 
9.590935 
9.591308 
9.591681 
9.592054 
9.592426 
9.592798 
9.593171 
9.593542 
9.593914 
9.594285 
9.594656 
9.595027 
9.595398 
0.595768 
0.596138 
9.596508 
9.596878 
9.507247 
9.597616 
9.597985 
9.598354 
9.598722 
9.599091 
9.599459 
9.599827 
9.600194 
9.600562 
9.600929 
9.001296 
9.601662 
9.$02029 
9.602395 
9.602761 
9.603127 
9.603493 
9.603858 
9.604223 
9.604588 
9.604953 
9.605317 
9.605682 
9.606016 
9.606410 


.415823 10. 
.415445 10. 
.415068 10. 
.414691 10. 
.414314 10. 
.413938 10. 
*.413561 10. 
.413185 10. 
.412810 10. 
.412434 10. 
.412059 10. 
.411684 10. 
.411309 10. 
.410934 10. 
.410560 10. 
.410186 10. 
.409812 10. 
.409438 10. 
.409065 10. 
.408692 10. 
.408319 10. 
.407946 10. 
.407574 10. 
.407202 10. 
.40682910. 
.406458 10. 
.406086 10. 
.405715 10. 
.405344 10. 
.40497310. 
.40460210. 


.029848 10 
.029897 10 
.029945 10 
.029994 10 
.030043 10 
.030091 10 
.030140 (0 
.030189 10 
.030238 10. 
.030286 10 
.030335 10, 
.030384 
.030433 
.030482 
.030531| 
.030580 
.030630 
.030679 
.080728 
.030777 
.030827 


.445671 
.445342 
.445013 
.444686 57 
.444357 56 
.444029 55 
.443701 54 
.443374 
.443047 
.442720 
.442394 


.4042! 
.40386210. 
.40349210. 
.40312210. 
.402753 10. 
.402384 10. 
.40201510. 
.401646 10. 
.401278 10. 
.40090910. 
.40054110. 
.400173 10. 
.39980610. 
.39943810. 
.39907110. 
.398704 10. 
.398338 10. 
.39797110. 
.397605 10. 
.397239 10. 
.396873 10. 
.896507 10. 
.39614210. 
.395777 10. 
.39541210. 
.39504710. 
.394683 10. 
.39431810. 
.39395410. 
.39359010. 





10 , 
03142210, 
031472 10. 
03152110, 
03157110, 
031621 10, 
03167110, 
031722 10, 
081772 10, 
03182210, 


435604 29 
435284 28 
434964 27 
434644 26 
434324 25 
434005 24 
433686 23 
438368 22 
433049 
432731 


10.432413 19 
10.432096 18 
10.431778 17 
10.431461 16 
10.431144 15 
10.480828 14 
032174 10.430512 13 
032225 10.430196 12 
10.429880 11 
10.429565 10 



Secant. I 


68 Degrees. 
























































































TABLE XXV. 

liOGAJliTHMlC 8INKK, TANGENTS, AND g«CANTS. 


Co-sine. D. 

9.9671G6~ 
9.907115 XX 
9.907004 X? 
9.907013 X? 
9.900961 XX 
9.900910 X? 
9.900859 xx 
9.90C808 X? 
9.900750 XX 
9.900705 XX 
9,900053 
9.900002 * 
9.906550 XX 
9.900499 XX 
9.900417 XX 
9.906395 XX 
9.900344 XX 
9.900292 XX 
9.900240 XX 
9.900188 XX 
9.960136 X? 
9.900085 M 
9.900033 X' 
9.905981 
9.905929 
9.965876 
9.905824 ZL 
9.905772 
9.905720 oi 
9.905608 Xl 
9.905615 
9.905563 
9.965511 g' 
9.906458 
9.965400 
9.905353 XX 
9.965301 XX 
9.905248 XX 
9.965195 XX 
9.965143 XX 
9.965090 gg 
9.965037 
9.904984 XX 
9.904931 
9.961879 XX 
9.964826 XX 
9.904773 XX 
9.964720 
9.904606 
9.964613 Xq 
9.964560 
9.964507 qq 
9.964454 XX 
9.964400 In 
9.964347 
9.964291 
9.904240 
9.964167 
9.904133 
9.964080 In 
9.904020 W 


9.965143 

9.965090 


22 Degrees. 


Tang. Diff. 

9.606410 ‘ 

9.600773 XXX 
9.007137 5J® 
9.007500 
9.607803 XX* 
9.608225 XX ! 
9.608588 XX, 
9.608950 ™ 
9.609312 JJ* 
9.609074 XXX 

™!®“? Z 

9.610397 
9.610759 
9.611120 XX, 
9.611480 XX! 
9.611841 
9.612201 
9.612561 
9.612921 
9.613281 XXX 
9.613641 
9.614000 <XX 
9.014359 *XX 
9.614718 °XX 
9.615077 ®XX 
9.615435 £xl 
9.615793 "XI 
9.616151 
9.616509 
9.616867 *XX 
9.617224 ™ 
9.617582 * 
9.617939 HI 
9.618295 
9.618652 XXl 
9.619008 "XT 
9.619364 
9.619721 ®X? 
9.020076 *XX 
9.020432 IZ 
9.620787 ,rX 
9.621142 
9.621497 
9.621852 
9.022207 rxi 
9.022561 ®XX 
9.022915 ®XX 
9.023269 ®XX 
9.023623 
9.023976 ®XX 
9.624330 
9.021683 *11 
9.625036 ®XX 
9.025388 ®XX 
9.625741 
9.626093 XXi 

9 * 61Wi445 586 
9.626797 ®XX 

9.627149 ™ 
9.627501 ®XX 
9.627852 086 


m Co-sine 


|Co-tan.| 


G7 Degrees. 


Co-tail. I Secant. I Co-sec. i v 


.426423 00 
.420112 59 
.425800 58 
.425488 57 
.425176 56 
.424864 55 
.424552 54 
.424242 53 
.423931 52 
.423621 51 
.423311 50 
.423001 49 
.422691 48 
.422382 47 
.422073 46 
.421764 45 
.421455 44 
.421147 43 
.420S38 42 
.420530 41 
.420223 40 
.419915 39 
.419608 38 
.419301 37 
>.418995 36 
.418688 35 
•.418362 34 
• .418076 S3 
.417771 32 
.417465 31 
•.417160 30 
.416855 ~29~ 
.416551 38 
.416246 27 
.415942 26 
.415639 25 
.415335 24 
.415032 23 
.414728 22 
.414426 21 
.414123 20 
.413821 19 
.413516 18 
.413217 17 
.412915 16 
.412614 15 
.412312 14 
.412011 IS 
.411711 12 
411410 11 
.411110 10 
.410816 9~ 

.410511 8 

.410211 7 

.409912 6 

.409613 5 

.409314 4 

.409016 3 

.408718 2 

.408420 1 

.408122 


10.39359010 
10.393227 10 
10.39286310 
10.392500 10 
10.392137 10 
10.391775 10 
10.39141210 
10.391050 10 
10.39068810 
10.300326 10 
10.88996410 
10.389603 10, 
10.38024110 
10.388880 10 
10.388520 10 
10.388159 10 
10.38779910, 
10.88743910 
10.387079 10, 
10.38671910, 
10.386359 10. 
10.38600010, 
10.885641 10, 
10.38528210, 
10.36492310. 
10.384565 10, 
10.384207 10 
10.38384910, 
10.383491 10, 
10.88313310 
10.38277610 
10.38241810 
10.382061 10 
10.381705 10 
10.881348 10. 
10.380992 10 
10.38063610, 
10.38027910 
10.37992410 
10.879568 10 
10.37921310 
10.378858 10 
10.378503 10, 
10.87814810 
10.37779310, 
10.87743910, 
10.377085 1 0. 
16.37673110. 
10.376377 10, 
10.876024 10. 
10.37567010, 
10.875317 10, 
10.37496410 
10.37461210, 
10.37425910. 
10.373907 10, 
*0.373555 10, 
0.373203 10, 
0.372851 10, 
0.37249910, 
0.37214810, 


.032834 10. 
.032885 10, 
.032936 10. 
.032987 10. 
.03308910. 
.033090 10, 
.033141 10. 
.033192 10. 
.033244 10. 
.033295 10. 
.033347 10. 
.03339810. 
.033450 10. 
.033501 10. 
.033553 10. 
.033605 10. 
.03365610. 
.633708 10. 
.03370010. 
.03381210. 
.03386410. 
.033915 10. 
.03396710, 
.03401910, 
.034071 10 
.034124 10. 
.03417610 
.034228 10 
.03428010. 
.034332 10. 
.034385 10 
.034437 10. 
.034489 10. 
.03454210. 
.034694 10. 
.034647 10. 
.034699 10. 
.034759 10. 
.034806 10. 
.934867 10. 
.03491010. 
.034908 10. 
.035916 10. 
.03590910. 
.035121 10. 
.035174 10. 
.035227 10. 
.085280 10. 
.035334 10. 
.035387 10. 
.035440 10. 
.035493 10. 
.03554610. 
.035000 10. 
.035653 10. 
.03570610. 
.035760 10. 
.03581810. 
.03586710. 
10 . 
10 . 


EssiilEsSlEi 







































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


0 9.501878 
1 9.592170 
1 9.592473 ^ 

3 9.592770 *' q - 

4 9.593067 
9.593363 ” 

.593659 111 
9.593055 
9.594251 ’XT 
9.594547 * 92 
9^594842 49 * 
.. .595137 49l 

12 9.595432 4Q1 

13 9.595727 4 q! 

14 9.596021 * 

15 9.596315 490 

16 9.596609 489 

17 9.596903 

18 9.597196 

19 9.597490 Izi 
16^9,597781 4gg 

21 9.598075 48T 

22 9.598368 487 

23 9.598660 111 

24 9.598952 4 J> 

25 9.599244 488 

26 9.599536 4 £T 

27 9.599827 4 ^ 

28 9.600118 ™ 

29 9.600409 484 

10 9.600700 4g * 

11 9.600990 4gi 

32 9.601280 ZZZ 

33 0.601570 4 ^X 

14 9.601860 4g2 

15 9.602150 482 

16 9.602439 4g2 

17 9.002728 48 7 

18 9.601017 481 

30 9.603305 481 
40^9^603594 4gQ 

41 9.001882 480 

42 9.004170 4 ° 9 

43 9.604457 :' 9 

44 9.604745 4 ' 9 

45 9.005032 liZ 

46 9.605119 :' 8 

47 0.606606 !1 8 

48 9.605892 4 '° 

49 9.606179 

50 9.606465 
61 9.606751 * 

52 9.607036 zlz 

53 0.607322 
61 9.607607 

65 9.607892 V* 

66 9.608177 Vt. 
57 9.608461 *** 
68 9.608745 Til 

59 9.609029 

60 9.609311 


M |Co-sine| 


9.964026 
9.963972 
9.963919 
9.903865 
9.963811 
9.963757 
0.963704 
0.963650 
9.963590 
9.963542 
9.963488 
9.963434 
9.963379 
9.063325 
9.903271 
9.903217 
9.963163 
9.963108 
9.963054 
9.962999 
9.962945 
9.962890 
9.962836 
9.962781 
9.962727 
9.962672 
9.962C17 
0.962562 
9.062508 
9.062453 
9.962308 
9.962343 
9.062288 
9.962233 
9.962178 
9.962123 
9.962067 
9.962012 
9.961957 
9.961902 
9.961846 
9.961791 
9.961735 
9.961680 
9.961624 
0.961569 
9.961513 
9.961458 
9.961402 
9.961346 
9.961290 
9.961235 
9.961179 
9.061123 
9.961067 
9.961011 
0.060955 
9.900899 
0.060843 
0 . 

9. 


23 Degrees. 


ang. _ 

9.627852 I 
9.628203 ™ 
9.028554 ™ 
9.628905 Z™ 
9.620255 
9.629606 
9.029956 
9.630306 ™ 
9.630656 HI 
9.631005 HI 
9.631355 HI 

9>6S1704 682 
0.682053 

9.632401 Hi 
9.632750 
9.033098 Hi 
9.633447 ??? 
9.633795 
9.634143 5 *l 
9.634490 

^?1 838 579 
9.635185 
9.635532 
9.635879 
9.6S6226 
9.636572 
9.636919 III 
9.637205 
9.637611 
9.637956 Zlz 
9.638302 
9.638647 
9.638992 
9.039337 
9.039682 I 1 * 
9.040027 zll 
9.610371 
9.640716 ill 
9.6410C0 Z 7 l 
9.641404 Zll 
9.641747 lH 
9.012091 K*rq 
9.642134 HI 
9.642777 Xi* 
9.643120 zll 
9.643463 
9.643806 Zl\ 
9.644148 ®'* 
9;644490 
9.644832 

°^ 51 - 74 570 
9.615516 

0.645857 

9.046199 

9.616540 "2 

9.646881 

9.647222 

9.647562 

9.647903 


/o-tan. I Secant. I Co-see. I M 


10.372148 10. 
10.871797 10. 
10.371446 10 
10.871095 10 
10.870745 10. 
10.870394 10. 
10.370044 10. 
10.309604 10. 
10.369344 10. 
10.868995 10. 
10.368645 10. 
10.36829610. 
10.367947 10. 
10.36759910. 
10.36725010. 
10.866902 10. 
10.366553 10. 
10.366205 10. 
10.365857 10. 
10.36551010. 
10.305162 10. 
10.364815 10. 
10.864468 10. 
10.364121 10. 
10.803774 10. 
10.863428 10. 
10.363081 10. 
10.362735 10. 
10.362389 10. 
10.362044 10. 
10.861698 10. 
10.361353.10. 
10.861008 10. 
10.860663 10. 
10.36031810. 
10.359973 10. 
10.359629 10. 
10.35928410. 
10.358940 10. 
10.35859610. 
10.35825310. 
10.857909 10. 
10.357566 10. 
10.857223 10. 
10.856880 10. 
10.356537 10. 
10.856194 10. 
10.855852 10. 
10.85551010. 
10.855168 10. 
10.854826 10. 
0.854484 10. 
0.354143 10. 
0.85380110. 
0.35346010. 
0.853119 10. 
0.852778 10. 
0.852488 10. 
0.852097 10. 
0.351757 10. 
0.85141710. 


10.035974 10. 
10.030028 10. 
10 .036081 10. 
10.036135 10. 
10.036189 10. 
10.03624310. 
10.03629610. 
10.036350 10. 
10.03640410. 
10.03645810. 
10.036512 10. 
10.036566 10. 
10.03662110. 
10.036675 10. 
10.036729 10. 
10.03678310. 
10.036837 10. 
10.036892 10. 
10.03694610. 
10.037001 10. 
10.037055 10. 
10.037110 10. 
10.037164 10. 
10.037219 10. 
10.037273 10. 
10.037328 10. 
10.037388 10. 
10.037488 10. 
10.037492 10. 
10.037547 10. 
10.037602 10. 
10.037657 10. 
10.037712 10. 
10.037767 10. 
10.03782210. 
10.037877 10. 
10.037933 10. 
10.037988 10. 
10.038043 10. 
10.03809810. 
10.038154 10. 


408122 60 
407824 59 
407527 58 
407230 57 
406933 56 
406637 55 
406341 54 
406045 53 
405749 62 
405453 51 
405158 50 
404863 49 
404568 48 
404273 47 
403979 46 
403685 45 
403391 44 
403097 43 
402804 42 
402510 41 
402217 40 
401925 39 
401632 38 
401340 37 
401048 36 
400756 35 
400464 34 
400173 S3 
399882 32 
399591 31 
899300 30 
399010 29 
398720 28 
398430 27 
398140 26 
397850 25 
397561 24 
397272 23 
896983 22 
396695 21 
396406 20 
19 " 
18 

395543 17 
395255 16 
394968 15 
394681 14 
394394 13 
894108 12 
393821 11 
393535 10 


Tang. I Co-sec 



GO Degrees. 


Digitized by> boogie 







































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 



Tang. 

Dift'. 

1 

1 

o 

Z) 

| Secant. | 


9.648583 SBB 

0.648923 

9.649203 

9.649602 

9.649942 

9.650281 

9.650620 rxr 

9.650959 

9.651297 ir: 

9.651636 ll J 
563 

9.652312 5C3 
9.652650 VZ 
9.652988 VZ 
9.653326 VZ 
9.653063 7Z 
9.654000 ™ 
9.654337 g{ 
9.654674 
9.655011 *5} 
9,655348 “ 
9.055684 560 
9.656020 660 
9.656356 TZ 
9.656692 
9.657028 W9 
9.657364 J™ 
9.657699 
9.658034 
9.658369 
9.658704 
9.659039 ™ 
9.659373 “® 
9.659708 557 
9.660042 
9.660376 
9.660710 
9.661013 ™ 
9.661377 
9.661710 fi5 ® 


10.35141710 
10.351077 10 
10.350737 10 
10.350398 10 
10.35005810 
10.349719 1 0 
10.3493S0 10 
10.349011 10 
10.348703 10 
10.34*361 10 
10.34802610 
10.347688 10 
10.347350 10 
10.317012 10 
10.346674 10 
10.346337 10 
10.34600010 
10.345663 10 
10.345326 10 
10.34498910 
10.34465210 
10.34131610 
10.343980 10 
10.343644 10 
10.343308 10 
10.342972 10 
10.342636 10 
10.342301 10 
10.34196610 
10.341631 10 
10.34129610 
10.340961 10 
10.340627 10 
10.34029210 
10.33995810 
10.339624 10 
10.33929010 
10.338957 10 
10.338623 10 
10.33829010 
10.337957 10 
10.337624 10 
10.337291.10 
10.336958 10 
10.336625 10 
10.33629310 
10.335961 10 
10.33562910 
10.33529710 
10.334965 1 0 
10.334634 10 
10.S34S0310 
10.83397110 
10.333640 10 
10.33330910 
10.33297910 
10.332648 10 
10.33231810 
10,331 OftT 1ft 
10.331 
10.331 


o-tan. 


65 Degrees. 


10.039270 10 
10.03932610 
10.030382 10 
10.03043910 
10.039495 10 
10.039552 10 
10.039608 10 
10.039665 10 
10.039721 10 
10.039778 10 
10.039835 10 
10.039891 10 
10.039048 10 
10.040005 10, 
10.040062 10 
10.040118 10, 
10.040175 10, 
10.0402S2 10. 
10.040289 10. 
10.04034610. 
10.040404 10. 
10.610461 10. 
10.040518 10. 
10.040575 10. 
10.040632 10. 
10.010690 10. 
10.040747 10. 
10.040805 10. 
10.040862 10. 
10.040019 10. 
10.040977 10. 
10.041035 10. 
10.041092 10. 
10.041150 10. 
10.04120810. 
10.041266 10. 
10.041323 10. 
10.041381 10. 
10.041439 10. 
10.041497 10. 
10.041555 10. 
10.011618 10. 
.10.041671 10. 
10.04172910. 
10.041787 10. 
10.04184610. 
10.041904 10. 
10.041962 10. 
10.042021 10, 
10.042079 10. 
10.042137 10. 
10. 

10 . 

10 . 

10 . 

10 . 

10 . 

10 . 

10 . 

0 . 

0 . 


Co-sec. 


110.390687 GO 
10.390403 59 
[10.390120 58 
10.389836 57 
10.389553 56 
10.389271 35 
10.388988 54 
10.388706 53 
10.388424 52 
10.388142 51 
10.387860 50 
10.387579 49 
10.387298 48 
10.387017 47 
10.386736 46 
10.386455 45 
10.386175 44 
10.385895 43 
10.385615 42 
10.385335 41 
10.385056 40 
10.384777 39 
10.384498 38 
10.384219 37 
10.383940 36 
10.383662 35 
10.383384 34 
10.383106 33 
10.382828 32 
10.382550 31 
10.382273 30 
10.381994) 29 
10.381711 28 
10.381412 27 
10.381166 26 
10.380890 25 
10.380G14 24 
10.380338 23 
10.380062 22 
10.379787 21 
10.379512 20 
10.379237 19 
10.378962 18 
10.378687 17 
10.378413 16 
10.378139 15 
10.377865 14 
10.377591 13 
10.377318 12 
10.377044 11 
10.376771 10 
376498 ~9 
,376226 8 

375953 7 

37 


Secant. I m 







































































































































TABLE XXV. 136 

LOGARITHMIC SINBS, TANGENTS, AND SBCANTS. 

25 Degrees. 

M 

Sine. 

m 

Co-sine. 

Efl 


Diff. 

Co-tan. 

Secant. 


01 

0 

1 

2 

2 

4 

6 

6 

7 

8 

0 

10 

Ill 

451 

451 

451 

450 

450 

450 

449 

449 

449 

448 

448 

447 

447 

447 

446 

446 

446 

446 

445 

445 

445 

444 

444 

444 

443 

443 

443 

442 

412 

442 

441 

441 

440 

440 

440 

439 

439 

439 

438 

438 

438 

437 

437 

437 

437 

436 

436 

436 

425 

435 

435 

424 

434 

434 

433 

433 

433 

432 

432 

432 

9.957276 

9.957217 

9.957158 

9.957099 

9.957040 

9.956981 

9.956921 

9.956862 

9.956803 

9.956744 

9.956684 

98 

98 

98 

98 

98 

98 

99 
99 
99 
99 
99 

9.668673 

9.669002 

9.669332 

9.669661 

9.669991 

9.670320 

9.670649 

9.670977 

9.671306 

9.671634 

9.671963 

550 

549 

549 

549 

548 

548 

548 

548 

547 

547 

547 

547 

546 

546 

546 

546 

545 

545 

545 

544 

544 

544 

544 

543 

543 

543 

543 

542 

542 

542 

542 

541 

541 

541 

541 

540 

540 

540 

540 

539 

539 

539 

539 

538 

538 

538 

538 

537 

537 

537 

537 

536 

536 

536 

536 

535 

535 

535 

535 

534 

10.331327 

10.330998 

10.330668 

10.330339 

10.330009 

10.329680 

10.329351 

10.329023 

10.328694 

10.328366 

10.328037 

10.042724 

10.042783 

10.042842 

10.042901 

10.042960 

10.043019 

10.043079 

10.043138 

10.043197 

10.043256 

10.043316 

10.374052 

10.373781 

10.373510 

10.373240 

10.372970 

10.372700 

10.372430 

10.372160 

10.371891 

10.371622 

10.371353 

60 

5$ 

58 

57 

56 

55 

54 

53 

52 

51 

50 

11 

12 

12 

14 

15 

16 

17 

18 
10 
20 

9.628916 

9.629185 

9.629452 

9.629721 

9.629989 

9.630257 

9.620524 

9.620792 

9.631059 

9.631326 

9.956625 

9.956566 

9.956506 

9.956447 

9.956387 

9.956327 

9.956268 

9.956208 

9.956148 

9.956089 

99 

99 

99 

99 

99 

99 

99 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

101 

101 

101 

101 

101 

101 

101 

101 

101 

101 

101 

101 

101. 

101 

101 

102 

102 

102 

102 

102 

102 

102 

102 

102 

102 

102 

102 

102 

103 

9.672291 

9.672619 

9.672947 

9.673274 

9.673602 

9.673929 

9.674257 

9.674584 

9.674910 

9.675237 

10.327709 

10.327381 

10.327053 

10.326726 

10.326398 

10.326071 

10.325743 

10.325416 

10.325090 

10.324763 

10.043375 

10.043434 

10.043494 

10.043553 

10.043613 

10.043673 

10.043732 

10.043792 

10.043852 

10.043911 

10.371084 

10.370815 

10.370547 

10.870279 

10.370011 

10.369743 

10.369476 

10.369208 

10.368941 

10.868674 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

21 

22 

22 

24 

25 

26 

27 

28 
29 
SO 

lip 

9.956029 

9.955969 

9.955909 

9.955849 

9.955789 

9.955729 

0.955669 

9.955609 

9.955548 

9.955488 

9.675564 

9.675890 

9.676217 

9.676543 

9.676869 

9.677194 

9.677520 

9.677846 

9.678171 

9.678496 

10.324436 

10.324110 

10.323783 

10.323457 

10.323131 

10.322806 

10.322480 

10.322154 

10.321829 

10.321504 

10.043971 

10.044031 

10.044091 

10.044151 

10.044211 

10.044271 

10.044331 

10.044391 

10.044452 

10.044512 

10.368407 

10.368141 

10.367875 

10.367608 

10.367342 

10.867077 

10.366811 

10.866546 

10.366281 

10.366016 

39 

38 

87 

36 

35 

34 

33 

32 

31 

30 

jfT| 

fit 

H 

9.955428 

9.955368 

9.955307 

9.955247 

9.955186 

9.955126 

0.955065 

9.955005 

9.954944 

9.954883 

9.678821 

9.679146 

9.679471 

9.679795 

9.680120 

9.680444 

9.680768 

9.681092 

9.681416 

9.681740 

10.321179 

10.320854 

10.320529 

10.320205 

10.319880 

10.319556 

10.319232 

10.318908 

10.316584 

10.318260 

10.044572 

10.044632 

10.044693 

10.044753 

10.044814 

10.044874 

10.044935 

10.044995 

10.045056 

10.045117 

10.365751 

10.365486 

10.365222 

10.364958 

10.864694 

10.364430 

10.364166 

10.363903 

10.863640 

10.363377 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

41 

42 
42 

44 

45 

46 

47 

48 

49 

50 

m 

■ 

9.954823 

0.954762 

9.954701 

9.954640 

9.954579 

9.954518 

0.954457 

9.954396 

9.954335 

9.954274 

9.682063 

9.682387 

9.682710 

9.683033 

9.683356 

9.683679 

9.684001 

9.684324 

9.684646 

9.684968 

10.317937 

10.317613 

10.317290 

10.316967 

10.316644 

10.316321 

10.315999 

10.315676 

10.315354 

10.315032 

10.045177 

10.045238 

10.045299 

10.045360 

10.045421 

10.045482 

10.045543 

10.045604 

10.045665 

10.045726 

10.363114 

10.362852 

10.362589 

10.362327 

10.362065 

10.361808 

10.361542 

10.361280 

10.861019 

10.360758 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

| 

9.639503 

9.639764 

9.640024 

9.640284 

9.640544 

9.640804 

9.641064 

9.641324 

9.041583 

0.641842 

9.954213 

9.954152 

9.954090 

9.954029 

9.953966 

9.953906 

0.953845 

9.953783 

0.953722 

0.953660 

9.685290 

9.685612 

9.685934 

9.686255 

9.686577 

9.686898 

9.687210 

9.687540 

9.687861 

9.688182 

10.314710 

10.314388 

10.314066 

10.313745 

10.313423 

10.313102 

10.312781 

10.312460 

10.312139 

10.311818 

10.045787 

10.045848 

10.045910 

10.045971 

10.046032 

10.046094 

10.046155 

10.046217 

10.046278 

10.046340 

10.360497 

10.360236 

10.359976 

10.359716 

10.859456 

10.350196 

10.358936 

10.358676 

10.358417 

10.358158 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

1 

[222* 


Sine. 


Co-tan. 

1 

Tang. 



Dll 

|| G4 Degrees. l| 


Digitized by ' 


j0 ogl 





















































TABLE XXV, 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


m Sine. Co->m<*. 

o u. 641815 431 ITd^ooo! 


1 9.649101 

2 9.646960 

3 9.612618 4 Ji 

4 9.642877 

5 9.613135 4 ™ 
G 9.G13393 4 ” 

7 9.613050 * 

8 9.613908 * 

9 9.614165 

10 9.614429 ^ 

11 9.644680 12s 

12 9.644090 vL 

13 9.615193 

11 9.615450 L, 7 
15 9.645706 127 
1G 9.645060 , 2f 

17 9.646218 ..... 

18 9.64G474 ..... 

19 9.646729 425 

20 9.646084 m 
~3ft 9.047210 Jr 

22 9.647404 121 

23 9.647740 42| 

24 9.618004 |2 , 

25 9.618258 .... 
2G 9.648512 , 2 « 

27 9.648766 ,.,o 

28 9.G49020 ~ 

29 9.649274 422 

30 9.649527 

31 9.G49781 ..... 

32 9.060094 , 22 

33 9.650287 42 , 
31 9.650539 42l 

35 9.G50792 42 , 

36 9.651041 4 ., 0 

37 9.651297 , 20 

38 9.651549 420 

39 9.651800 41<J 

40 9.652052 |10 

41 9.652304 {V) 

42 9.652555 . |8 

43 9.652806 4 j 8 

44 9.653057 41H 

45 9.653308 4|8 

46 9.653558 417 

47 9.653808 4 , 7 

48 9.654059 ., 7 

49 9.654309 41(j 

51 9.654808 416 

52 9.655058 415 

53 9.655307 ... 

54 9.655556 41 - 

55 9.655805 ... 

56 9.65605 4 4 , 4 

57 9.656302 4U 

58 9.656551 4U 

59 9.656799 41 « 

60 9.657047 _ 

m Co-sine 


9.9536601 
9.953599 
9.953537 
9.953475 
9.953113 
9.953352 
9.053290 
9.953228 
9.953166 
9.953101 
9.953012 
9.952980 
9.952918 
9.952855 
9.952793 
9.952731 
9.052669 
9.952606 
9.952544 
9.952481 
9.952419 
9.952266 
9.962294 
9.952231 
9.952168 
9.952106 
9.952043 
9.951980 
9.951917 
9.951854 
9.951791 
9.951728 
9.951665 
9.901602 
9.951539 
9.951476 
9.951412 
9.951349 
9.951286 
9.951222 
9.95 1159 
9.951096 
9.951032 
9.950968 
9.950905 
9.950841 
9.950778 
9.950714 
9.950650 
9.9505" «, 

9.950522 
9.950458 
9.060204 
9.950330 
9.950266 
9.950202 
9.950138 
9.950074 
9.950010 
9.949945 
9.049881 

Sine. | 


20 Degrees. 
1). | Tang. Difl 

iu3 <!'(WhLw 531 

lo3i 0,6888 ** 534 
" 3 !9.68>J14» f* 

}?®9.6894<» 

}® 3 Hl.C8978» 

® 3 !o.c9om 
1 “k(.90742 V 33 
“ 3 0 .«i#<a 33 

“iKOom. H 2 

U.G9I700 , 

}? 4 0.602010 33 
J^9.692338 

.l J.6J26o(> ,n. 

J? 3 !*.602975 
lOl.i 531 

.04 ^ 530 

104 d'aq^oIa 530 

104 <‘ coi-aik 530 
9.691248 ... 

“ 0,60.556 ™ 
10 . 

I A I J.G9.l20l r*>fl 

® 0.695516 ™ 
® 3 0.695836 3 " 
^0.696153 
?* 9.696470 ™ 
J ? 3 0.096787 5 " 
J1? 3 0.607103 33 * 
9.607420 ' 3 ^ 
|®^ 0.607736 
D.GQSOSt 3 
®? 0.608360 ™ 
j®'.* 0.608685 33 ?. 

10 *) <| | 11 #lit 111 

9.699001 
ln . 9.099316 
J959.609632 3 i® 
J®;’. 0.600047 33 ® 
J®®9.700263 33 ' 
!?!!0.700578 333 
,U ” 0.700803 . 


I Co-tan. | Secant. I Co-sec. 1 M 


,0.701208 .... 
!0.701523 333 
19.701837 ZlZ 
!9.702152 
19.702166 Z?* 

!9.702780 r f,\ 

!9.703095 
\ 9.703400 
9.702723 
\ 9.704036 
9.704350 * 
9.704663 r ; A f 2 
9.704977 ** 

9.705290 ifji 
9.705603 
,9.705916 I*. 
9.706228 ?£} 
-9.706541 If 1 
,9.706854 ° r :' 
9.707160 

Co-tan. 

63 Degrees. 


10.311818 
10.311498 
10.311177 
10.310857 
10.310537 
10.310217 
10.309897 
10.309577 
10.309258 
10.308938 
10.308619 
10.308300 
10.307981 
10.307662 
10.307344 
10.307025 
10.306707 
10.306262 
10.306070 
10.305752 
10.305434 
10.306117 
10.304799 
10.304482 
10.304164 
10.303847 
10.303530 
10.303213 
10.302897 
10.302580 
10.302264 
10.301947 
10.301631 
tO.301213 
10.300999 
10.300684 
10.300368 
10.300053 
10.299737 
10.299166 
10.299107 
10.298792 
10.SM4T? 
10.298163 
10.297848 
10.297524 
10.297230 
10.296905 
10.290691 
10.296277 
10.296964 
10.295650 
10.295337 
10.295023 
10.294719 
10.294297 
10.294084 

10.299772 

10.299469 

10.299146 

10.292834 

I Tang. 


10.040340 

10.046401 

10.046463 

10.046525 

10.046587 

10.046648 

10.046710 

10.046772 

10.046834 

10.046896 

10.046958 

10.047020 

10.047082 

10.047145 

10.047207 

10.047269 

10.047331 

10.047394 

10.047456 

10.047519 

10.047581 

10.0-17644 

10.047706 

10.047769 

10.047832 

10.047894 

10.047957 

10.048020 

10.048083 

10.048146 

10.048209 

10.048272 

10.018335 

10.048398 

10.048461 

10.048524 

10.048588 

10.048651 

10.048714 

10.048778 

10.018841 

10.048904 

10.048968 

10.049032 

10.049095 

10.019159 

10.049222 

10.019286 

10.049350 

10.049414 

10.049478 

10.049542 

10.049606 

10.019670 

10.019734 

10.049798 

10.049862 

10.049926 

10.049990 

10.050055 

10.050119 

Co-sec. 


10.358158 

10.357899 

10.357610 

10.357382 

10.357123 

10.356865 

10.356607 

10.356350 

10.356092 

10.355835 

10.355577 

10.355320 

10.355064 

10.354807 

10.354550 

10.354294 

10.354038 

10.353782 

10.353526 

10.353271 

10.353016 

10.352760 

10.352506 

10.352251 

10.351996 

10.351742 

10.351488 

10.351234 

10.350980 

10.350726 

10.350473 


10.350219 

10.349966 

10.319713 

10.349461 

10.349208 

10.348956 

10.348703 

10.348451 

10.348200 

10.347918 

10.347696 

10.347445 

10.347194 

10.346913 

10.316692 

10.346442 

10.346192 

10.345941 

10.345691 

10.345412 

10.345192 

10.314912 

10.344693 

10.314114 

10.341195 

10.343946 

10.313698 

10.343449 

10.343201 

10.34295 3 

[Secant. 
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TABLE XXV. 

LOGARITHMIC SINKS, TANGENTS, AND SECANTS. 

27 Degrees. 

M Sine. DifT. Co-sine. D. Tang. Diff. Co-tan. Secant. Co-sec. | m 

“o’ 9.657047 9.949881^. O? 9.707166 ™ 10.292834 JO.050119 10.342953 ~6<r 

1 9.657295 9.949816 {"19.707478 10.292522 10.050184 10.342705 69 

2 9.657542 V* 9.949752 {"19.707790 10.292210 10.050248 10.342458 58 

3 9.657790 412 9.949688 {"' 9.708102 10.291898 10.050312 10.342210 57 

4 9.658037 n « 9.949623 {J:°9.708414 " 10.29158610.050377 10.341963 56 

5 9.658284 9.949558 {"£9.708726 " 10.291274 10.050442 10.341716 55 

6 9.658531 ™ 9.949494 "°9.709037 Zt' 10.290963 10.050506 10.341469 54 

7 9.658778 *{ 9.949429 1X9.709349 ZtZ 10.290651 10.050571 10.341222 53 

8 9.659025 * 9.949364 {"?9.709660 "{" 10.29034010.050636 10.340975 52 

9 9.659271 4 {i 9.949300 {";: 9.709971 Z\* 10.29002910.050700 10.340729 51 

10 9.659517 1 9.949235 {"®9.710282 *{® 10.289718 10.050765 10.340483 50 

11 9.659763 * 9.949170 {J^9.710593 -.J 10.289407 10.050830 10.310237 49 

12 9.660009 9.949105 {"*19.710904 Z\Z 10.28909610.050895 10.339991 48 

13 9.660255 40Q 9.949040 J *9.711215 10.288785 10.050960 10.339745 47 

14 9.660501 4 "" 9.948975 {"*9.711525 "{* 10.288475 10.051025 10.339499 46 

15 9.660746 *ZZ 9.948910 {^9.711836 ;}l 10.288164 10.051090 10.33925 lj 45 

16 9.660991 TIT 9.948845 f„°9.712146 ;{1 10.287854 10.051155 10.339009 44 

17 9.661236 9 948780 {"fjo.712456 Z * 10.287544 10.051220 10.338761 43 

18 9.661481 4 "° 9 948715 JJJX9.712766 *{' 10.287234 10.051285 10.338519 42 

19 9.661726 4 "° 9.948650 {",9.713076 ;{" 10.286924 10.051350 10.338274 41 

20 9.661970 m 9.948584 {"^19.713386 "{" 10.286614 10.051416 10.338030 40 

21 9.662214 40 - 9.948519 ..9.713696 ..{! 10.286304 10.051481 10.337786 39 

22 9.662459 4 "' 9.948454 {""9.714005 ®{" 10.285995 10.051546 10.337541 38 

23 9.662703 10fl 9.948388 {""9.714314 *{" 10.285686 10.051612 10.337297 37 

24 9.662946 10fi 9.948323 {""9.714624 .\Z 10.28537610.051677 10.337054 36 

26 9.663190 40 " 9.948257 {£,9.714933 Z\Z 10.285067 10.051743 10.336810 35 

26 9.663433 9.948192 {£19.715242 Z\Z 10.28475810.051808 10.336567 34 

27 9.663677 {"" 9.948126 {£,9.715551 10.28444910.051874 10.336323 33 

28 9.663920 {£: 9.948060 {""9.715860 *{{ 10.28414010.051940 10.336080 32 

29 9.664163 <0< - 9.947995 {""9.716168 Zt* 10.28383210.052005 10.335837 31 

30 9.664406 ‘ 9.947929 {{"9.716477 "J{ 10.28352310.052071 10.335594 30 

31 9.664648 9.947863 {{^9.716785 * 10.283215 10.052137 10.335352 29 

32 9.664891 9.947797 {{"9.717093 10.282907 10.052203 10.335109 28 

33 9.665133 4Q3 9.947731 {{"9.717401 ** 10.28259910.052269 10.334867 27 

34 9.665375 4 " 3 9.947665 {{"9.717709 Z\* 10.282291 10.052335 10.334625 26 

35 9.665617 403 9.947600 {{"9.718017 r * 10.281983 10.052400 10.334383 25 

36 9.665859 4 " 2 9.947533 {{"9.718325 i{, 10.281675 10.052467 10.334141 24 

37 9.666100 9.947467 {{"9.718633 "{* 10.28136710.052533 10.333900 23 

38 9.666342 4f)2 9.947401 {{"9.718940 *{ 2 10.281060 10.052599 10.333658 22 

39 9.666583 402 9.947335 {{"9.719248 °{ 2 10.280752 10.052665 10.333417 21 

10 9.666824 9.947269 {{"9.719555 ol * 10.280445 10.052731 10.333176 20 

41 9.667065 401 9.947203 {{®9.719862 \ Z* 10.280138 10.052797 10.332935 19 

12 9.667305 ; o { 9.947136 {{"9.720169 10.279831 10.052864 10.332695 18 

43 9.667546 40 { 9.947070 {{{9.720476 *{} 10.27952410.052930 10.332454 17 

44 9.667786 9.947004 {{{9.720783 "{{ 10.279217 10.052996 10.332214 16 

45 9.668027 40Q 9.946937 {{{9.721089 *{} 10.278911 10.053063 10.331973 15 

46 9.068267 10f) 9.946871 {{{9.721396 ^{{ 10.278604 10.05312910.331733 14 

47 9.668506 3<J9 9.946804 “{ 9.721702 10.278298 10.053196 10.331494 13 

48(9.668716 39<J 9.946738 {{{9.722009 *{" 10.277991 10.053262 10.331254 12 

49 9.668986 9.946671 {{{9.722315 ?{" 10.277685 10.05332910.331014 11 

50 9.669225 ™ 9.946604 {{{9.722621 "{" 10.27737910.05339610.330775 10 

51 9.669464 9.946538 {{{ 9.722927 ..J! 10.277073 10.053462 10.330536 9 

52 9.669703 9.946471 {{{9.723232 10.276768 10.05352910.330297 8 

53 9.669912 9.946404 {{{9.723538 10.276462 10.05359610.330056 7 

54 9.670181 l"* 9.946337 {{{9.723844 ZZZ J 10.276156 10.053663 10.329819 6 

55 9.670419 9.946270 {“9.724149 *£: 10.275851 10.053730 10.329581 5 

56 9.670658 *11 9.946203 {{^9.724454 ZZl 10.27554610.053797 10 329342 4 

57 9.670896 111 9.946136 {{,9.724759 ZZ^ 10.275241 10.053864 10.329104 3 

58 9.671134 L"' 0.946069 {}f9.725065 10.274935 10.053931 10.328866 2 

59 9.671372 *£{ 9.946002 “j9.725369 Z™ 10.274631 10.053998 10.328628 1 

60 9.671609 9.945935 “* 9. 725674 10 .27432610.054065 10.328391 0 

M Co-sine Sine. Co-tan.| | Tang. Co-sec. Secant. ~ivT 

6ft Degrees. S 













TABLE XXV. 

LOGARITHMIC 8INB8, TANGENTS, AND 8 BO ANTS. 


M I Sine. |DifL|Co-sine.| D 


28 Degree#. 


| Tang. lDiff.1 Co-tan. I Secant. | Co-sec. 
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TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


29 Degrees. 


M 

Sine. 

Dill. 

Co-sine. 

D. 

Tang. 

Diff, 

Co-tan. 

Secant. 

Co-sec. 

M 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

9.685571 

9.685799 

9.686027 

9.686254 

9.686482 

9.686709 

9.686936 

9.687163 

9.687389 

9.687616 

9.687813 

380 

379 

379 

379 

379 

378 

378 

378 

378 

377 

377 

377 

377 

376 

376 

376 

376 

375 

375 

375 

375 

374 

374 

374 

374 

373 

373 

373 

373 

372 

372 

372 

371 

371 

371 

371 

370 

370 

370 

370 

369 

369 

369 

369 

368 

368 

368 

368 

367 

367 

367 

367 

366 

366 

366 

366 

365 

365 

365 

365 

9.941819 

9.941749 

9.941679 

0.941609 

9.941539 

0.041469 

0.941308 

9.941328 

0.941258 

9.941187 

9.941117 

117 

117 

117 

117 

117 

117 

117 

117 

117 

117 

117 

118 
118 
118 
118 
118 
118 
118 
118 
118 
118 
118 
118 
118 
119 
119 
119 
119 
119 
119 
119 
119 
119 
119 
119 

119 

120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
121 
121 
121 
121 
121 
121 
121 
121 
121 
121 
121 
121 

9.743752 

9.744050 

9.744348 

9.744645 

9.744943 

9.745240 

9.745538 

9.745835 

9.746132 

9.746429 

9.746726 

496 

496 

496 

496 

496 

496 

496 

496 

496 

495 

496 
494 
494 
494 
494 
494 
494 
493 
493 
493 
493 
493 
493 
492 
492 
492 
492 
492 
491 
491 
491 
491 
491 
491 
490 
490 
490 
490 
490 
490 
489 
489 
489 
489 
489 
489 
488 
488 
488 
488 
488 
488 
487 
487 
487 
487 
487 
487 
486 
186 

10.256248 

10.255950 

10.235652 

10.255355 

10.255057 

10.254760 

10.254462 

10.254165 

10.253868 

10.253571 

10.253274 

10.058181 

10.058251 

10.058321 

10.058391 

10.058461 

10.058531 

10.058602 

10.058672 

10.058742 

10.058813 

10.058883 

10.314429 

10.314201 

10.313973 

10.313746 

10.313518 

10.313291 

10.313064 

10.312837 

10.312611 

10.312384 

10.312157 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

9.688069 

9.688295 

9.688521 

9.688747 

9.688972 

9.689198 

9.689423 

9.6896-18 

9.689873 

9.690098 

9.941046 

9.940975 

9.940905 

9.940834 

9.940763 

9.940693 

9.940622 

9.940551 

9.940480 

9.940409 

9.747023 

9.747319 

9.747616 

9.747913 

9.748209 

9.748505 

9.748801 

9.749097 

9.749393 

9.749689 

10.252977 

10.252681 

10.252384 

10.252087 

10.251791 

10.251495 

10.251199 

10.250903 

10.250607 

10.250311 

10.058954 

10.059025 

10.059095 

10.059166 

10.059237 

10.059307 

10.059378 

10.059449 

10.059520 

10.059591 

10.311931 

10.311705 

10.311479 

10.311253 

10.311028 

10.310802 

10.310577 

10.310352 

10.310127 

10.309902 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

9.690323 

9.690648 

9.690772 

9.690996 

9.691220 

9.691444 

9.691668 

9.691892 

9.692115 

9.692339 

9.940338 

9.940267 

9.940196 

9.940125 

9.940054 

9.939982 

9.939911 

9.939840 

9.939768 

9.939697 

9.749085 

9.750281 

9.750576 

9.750872 

9.751167 

9.751462 

9.751757 

9.752052 

9.752347 

9.752642 

10.250015 

10.249719 

10.249424 

10.249128 

10.248833 

10.248538 

10.248243 

10.247948 

10.247653 

10.247358 

10.059662 

10.059733 

10.059804 

10.059875 

10.059946 

10.060018 

10.060089 

10.060160 

10.060232 

10.060303 

10.309677 

10.309452 

10.309228 

10.309004 

10.308780 

10.308556 

10.308332 

10.308108 

10.307885 

10.307661 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

9.692562 

9.692785 

9.693008 

9.693231] 

9.693453 

9.693676 

9.693898 

9.694120 

9.694342 

9.694564 

9.939625 

9.939554 

9.939482 

9.939410 

9.939339 

9.939267 

9.939195 

9.939123 

9.939052 

9.938980 

9.752937 

9.753231 

9.753526 

9.753820 

9.754115 

9.754409 

9.754703 

9.754997 

9.755291 

9.755585 

10.247063 
10.246769 
10.246474 
10.246180 
10.245885 
10.245591 
10.245297 
10.245003 
10.244709 
10.244415 

10.060375 

10.060446 

10.060518 

10.060590 

10.060661 

10.060733 

10.060805 

10.060877 

10.060948 

10.061020 

10.307438 

10.307215 

10.306992 

10.306769 

10.306547 

10.306324 

10.306102 

10.305880 

10.305658 

10.305436 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

41 

42 

43 

44 

45 

46 

47 | 

48 

49 

50 

9.694786 

9.695007 

9.695229 

9.695450 

9.695671 

9.695892 

9.696113 

9.606334 

9.696554 

9.696775 

9.938908 

9.038836 

9.938763 

9.938691 

9.938619 

9.938547 

9.938475 

9.938402 

9.938330 

9.938258 

9.755878 

9.756172 

9.756465 

9.756759 

9.757052 

9.757345 

9.757638 

9.757931 

9.758224 

9.758517 

10.244122 

10.243828 

10.243535 

10.243241 

10.242948 

10.242655 

10.242362 

10.242069 

10.241776 

10.241483 

10.061092 

10.061164 

10.061237 

10.061309 

10.061381 

10.061453 

10.061525 

10.061598 

10.061670 

10.061742 

10.305214 

10.304993 

10.304771 

10.304550 

10.304329 

10.304108 

10.303887 

10.303GGG 
10.303410 
10.303225 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

9.696995 

9.697215 

9.697435 

9.697654 

9.697874 

9.698094 

9.698313 

9.698532 

9.698751 

9.698970 

9.938185 

9.938113 

9.938040 

9.937967 

9.937895 

9.937822 

0.937749 

9.937676 

0.937604 

9.937531 

9.758810 
9.759102 
9.759395 
9.759687 
£.759979 
19.760272 
9.760564 
19.760856 
9.761148 
|9.761439 

10.241190 

10.240898 

10.240605 

10.210313 

10.240021 

10.239728 

10.239436 

10.239144 

10.238852 

10.238561 

10.061815 

10.061887 

10.061960 

10.062033 

10.062105 

10.062178 

10.062251 

10.062324 

10.062396 

10.002469 

10.303005 
10.302785 
10.302565 
10.302346 
10.302126 
10.301906 
10.301687 
10.301468 
10.301249 
|10.301030 

M 

ICo-sine 


Sine. 

ICo-tan.| | Tang. 

Co-sec. 1 Secant. | m 











TABLE XXV. 

LOGARITHMIC SINB8, TANGENTS, AND SECANTS. 


SO Degrees. 





M ICo-sine 


Co-tan 


69 Degrees. 
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TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


M I Sine. |Diir.|Co-sine.| 


0 9.724210 ... 

1 9.724412 ;;; 

2 9.724014 111 

3 9.724816 Z™ 

4 9.725017 

5 9.725219 

6 9.725420 

7 9.725622 

8 [9.725823 ZVt 

9 9.726024 

10 9.7262 25 

11 9.726426 **! 

12 9.726626 *** 

13 9.726827 

14 9.727027 

15 9.727228 

16 9.727428 

17 9.727628 *** 

18 9.727828 ^ 

19 9.728027 *** 

20 9.728227 *** 

21 9.728427 

22 9.728626 

23 9.7288251 ** 

24 9.729024 

25 9.7292231 *?? 

26 9.729422 fi} 

27 9.7296211 

28 9.729820 

29 9.730018 

30 9.730217 

31 9.730415 «„ ft 

32 9.730613 ^ 

33 9.730811 ^ 

34 9.731009 

35 9.731206 

36 9.731404 Zt'Z 

37 9.731602 

38 9.731799 

39 9.731996 

40 9.732193 

41 9.732390 Z 2H 

42 9.732587 ««« 

13 9.732784 

14 9.732980 

45 9.733177 ^7 

46 9.733373 ^7 

47 9.733569 32 ' 

48 9.733765 

49 9.733961 

50 9.734157 

51 9.734353 a2ft 

52 9.734549 

53 9.734744 Zf" 

54 9.734939 

55 9.735135 

56 9.735330 

57 9.735525 l" 

58 9.735719 ZZ. 

59 9.735914 ZZ; 

60 9.736109 
M Co-sine 


18 9.727828 

19 9.728027 

20 9.728227 
2l"~ 9.728427 

22 9.728626 

23 9.7288251 

24 9.729024 

25 9.729223' 

26 9.729422 

27 19.7296211 

28 9.729820 

29 9.730018 

30 9.730217 
~3T 9.730415 

32 9.730613 

33 9.730811 

34 9.731009 

35 9.731206 

36 9.731404 

37 9.731602 

38 9.731799 

39 9.731996 

40 9.732193 


42 9.732587 
13 9.732784 


50 9.734157 

51 9.734353 

52 9.734549 

53 9.734744 

54 9.734939 

55 9.735135 

56 9.735330 

57 9.735525 


9.9284201 

9.928312 

9.928263 
9.928183 
9.928104 
9.928025 
9.927946 
9.927867 
9.927787 
9.927708 
9.927629 
9.92754oj 
9.927470 
9.927390 
9.927310 
9.927231 
9.927151 
9.927071 
9.926991 
9.926911 
9.926831 
9.926751 
9.926671 
9.926591 
9.926511 
9.926431 
9.926351 
9.926270 
9.926190 
9.9261loj 
9.926029 
9.925949 
9.925868 
9.925788 
9.925707 
9.925626 
9.925545 
9.925465 
9.925384 
9.925303 
9.925222 
9.925141 
9.925060 
9.924979 
9.924807 
9.924816 
9.924735 
9.924654 
9.924572 
9.924491 
9.924409 
9.924328 
9.924246 
9.924164 
9.924083 
9.924001 
9.923919 
9.923837 
9.923755 
9.923673 
9.923591 


3*2 Degrees. 


D. Tang. Dili., 

132 9.496070 468 . 

J^9.796351 15? | 

}?? 9. 7966324 15® I 

{**9.796913' 155 

“9.797104 

{“9.707475 1 

“9.797755 

}“9.798036 “i 
{“9.798316 “I 
“9.79859C ™ 
...J9.798877 ... 

I j. 9.799157 *" 

I9.799437 “I 
{“9.799717 “I 

“ 9.799997 *2 

{,,9.800277 VZ 
{“ 9.800557 
{“9.800836 
“9.801116 *2 

!L°£125° “ 

..,9.801675 AM 
“ 9.801955 
{,,9.802234 
{“ 9.802513 15? 
“ 9.802792 1“ 
“9.803072 
“9.803351 <“ 
{“9.803630 
,{:9.80*908 

S'”*!” £ 

...9.804466 AaA 
{“ 9.804745 ?{{} 
{“ 9.805023 
{“9.805302 1“ 
{“9.805580 4 “ 

“ 9.806137 gj 
{,*9.806415 1“ 
{“9.806693 “i 

J2 

135 ?•!«“? 463 
...9.807527 

{“9.807805 g* 
{“9.808083 VZ 
“9.808361 g* 
{“9.808638 g? 
{“9.808916 1{S 
“9.809193 Jg 
“9.809471 

0 

lar 9.810025 . fi „ 
“9.810302 Jg 
{"9.810580 I™ 
{"9.810857 "2 
{“9.811134 22 
{“9.811410 “} 
{“9.811687 g{ 
{“9.811964 gj 
137 9.812241 “ 
137 9.812517 461 

Co-tan. 

57 Degrees. 


>| Co-tan. Secant. Co-sec. m 

10.204211 10.071580 10.275790^60 
10.20393010.071658 10.275588 59 
[10.203649 10.071737 10.275386 58 
|l0.203368 10.071817 10.275184 57 
'10.203087 10.071896 10.274983 56 
10.202806 10.071975 10.274781 55 
10.202525 10.072054 10.274580 54 
10.202245 10.072155 10.274378 53 
10.201964 10.072213 10.274177 52 
10.201684 10.072292 10.273976 51 
10.201404 10.072371 10.273775 50 
10.201123 10.072451 10.273574 49 
10.200843 10.072530 10.273374 4t 
10.200563 10.072610 10.273173 47 
10.200283 10.072690 10.272973 46 
10.200003 10.072769 10.272772 45 
10.199723 10.072849 10.272572 44 
10.19944310.072929 10.272372 41 
10.199164 10.073009 10.272172 42 
10.198884 10.073089 10.271973 4J 
10,198604 10.073 169 10.271773 40 
10.198325 10.073249 10.271573 39 
10 198045 10.07382910.271374 38 
10 197766 10.073409 10.271175 3? 
10.107487 10.073489 10.270976 36 
10.19729810.073569 10.270777 35 
10 19692810.073649 10.270578 34 
10.19664910.073730 10.270379 33 
10.19637010.073810 10.270180 32 
10.19609210.073890 10.260982 31 
10.195813 10.073971 10.269783 jO 
10.195534 10.074051 L0.269585 29 
10.195255 10.074132 10.269387 28 
10.194977 10.074212 10.269189 % 
10.194698 10.074293 1 0.268991 » 
10.194420 10.074374 1 0.268794 25 
10.191141 10.074455 10.268596 24 
10.193863 10.074535 10.268398 23 
10.193585 10.074616 1 0,208201 22 
10.19330710.074697 10.268004 21 
10.193029 10.074778 1 0.267807 J9 
10.102751 10.074859 10.267610 19 
10 1 92473 10.074940 10.267413 18 
10.192195 10.075021 10.267216 11 I 
10.19191710.075103 10.267020 16 
10.191639 10.075184 10.266823 »| 
10.19136210.075265 10.266627 M 
10.191084 10.075346 10.260431 H 
10.190807 10.075428 10.266235 H 
10.190529 10.075509 10.266039 H 
10.19025210.075591 10.265843 J® 
10.189975 10.07567210.265647 9 
10.18969810.07575410.265451 8 
10.189420 1 0.075836 10.265256 T 
10.18914310.07591710.265061 « 
10.188866 10.075999 10.264865 9 
10.18859010.076081 10.264670 4 
10.18831310.076163 10.264475 * 
10.188036 10.076245 10.264281 - 
10.187759 10.076327 10.264086 1) 
10.187483 10.076409 10.263891 ljj 
Tang. Co-sec. Secant. iM 
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TABLE XXV. 

_ LOGARITHMIC SINES, TANGENTS, AND SECANTS. 

33 Degrees. 

M Sine. Diflf. Co-sine. D. Tang. Diff. Co-tan. Secant. Co-sec. m 

~0~ 9.736109 32 , 9.923591 ~ 97812517 10.187483 10.076409 10.263891 ~60 

1 9.736303 9.923509 {,19.812794 ijjj 10.18720610.076491 10.263697 59 

2 9.736498 " 9.923427 {,19.813070 I* 10.186930 10.076573 10.263502 58 

3 9.736692 3 fJ 9.923345 itl 9.813347 10.18665310.076655 10.263308 57 

4 9.736880 32 X 9.923263 {“19.813623 10.186377 10.076737 10.263114 56 

5 9.737080 9.923181 {“19.813899 ™ 10.186101 10.076819 10.262920 55 

6 9.737274 323 9.923098 {“19.814175 VZ 10.185825 10.076902 10.262726 54 

T 9.737467 , 2 « 9.923016 {,19.814452 T™ 10.185548 10.076984 10.262333 53 

8 9.737661 X 22 9.922933 {,19.814728 10.18527210.077067 10.262339 52 

9 9.737855 322 9.922851 {,19.815004 10.18499610.077149 10.262145 51 

10 9.738048 J" 9.922768 {“'9.815279 10.184721 10.077232 10.261952 50 

11 9.738241 „ 22 9.922686 ,”9.815555 ArM 10.184445 10.077314 10.261759 49 

12 9.738434 « 22 9.922603 {“°9.815831 ™ 10.18410910.077397 10.261566 48 

13 9.738627 32 ? 9.922520 {"9.816107 10.183893 10.077480 10.261373 47 

14 9.738820 « 21 9.922438 {,°9.816382 10.18361810.077562 10.261180 46 

15 9.739013 32 { 9.922355 {,°9.816658 y' 10.18334210.077645 10.260987 45 

16 9.739206 32 { 9.922272 {,°9.816933 Vl" 10.183067 10.077728 10.260794 44 

17 9.739398 32 { 9.922189 !?J9.817209 T?; 10.182791 10.077811 10.260602 43 

18 9.739590 320 9.922106 {,°9.817484 10.18251610.077894 10.260410 42 

19 9.739783 320 9.922023 {,°9.817759 10.18224110.077977 10.260217 41 

20 9.739975 9.921940 {™9.818035 ^ 10.181965 10.078060 10.260025 40 

21 9.740167 320 9.921857 {,*9.818310 * 8 10.18169010.07814310.259833 39" 

22 9.740359 320 9.921774 {XjJO.818585 10.181415 10.078226 10.259641 38 

23 9.740550 3 { 9 9.921691 {““9.818860 Z™ 10.181140 10.078309 10.259450 37 

24 9.740742 319 9.921607 {,*9.819135 10.180865 10.078393 10.259258 36 

25 9.740934 319 9.921524 {,*9.819410 10.18059010.078476 10.259006 35 

26 9.741125 319 9.921441 {1*9.819684 :? 8 10.18031610.078559 10.258875 34 

27 9.741316 319 9.921357 {“‘ 9.819959 ™ 10.180041 10.078643 10.258684 33 

28 9.741508 318 9.921274 {““9.820234 ™ 8 10.179766 10.078726 10.258492 32 

29 9.741699 318 9.921190 {,*9.820508 10.179492 10.078810 10.258301 31 

30 9.741889 , lfi 9.921107 {**9.820783 10.179217 10.078893 10.258111 30 

31 9.742080 318 9.921023 {,^9.821057 Z r l 10.17894310.078977 10.257920 29 

32 9.742271 318 9.920939 {“*9.821332 10.17866810.079061 10.257729 28 

33 9.742462 3 { 7 9.920856 {““9.821606 ViL 10.17839410.079144 10.257538 27 

34 9.742652 3 {{ 9.920772 {*“9.821880 : ‘ 10.17812010.079228 10.257348 26 

35 9.742842 317 9.920688 {™ 9.822154 **1 10.17784610.079312 10.257158 25 

36 9.743033 317 9.920604 {**9.822429 10.177571 10.07939610.256967 24 

37 9.743223 317 9.920520 {1*9.822703 1*1 10.177297 10.079480 10.256777 23 

38 9.743413 9.920436 {1*9.822977 1*' 10.17702310.079564 10.256587 22 

39 9.743602 31fi 9.920352 }**9.823250 *:' 10.17675010.079648 10.256398 21 

40 9.743792 * 9.920268 {’“9.823524 T** 10.176476 10.079732 10.256208 20 

41 9.743982 , lfi 9.920184 ™9.823798 10.17620210.07981610.256018 19 

42 9.744171 ,{* 9.920099 {1*9.824072 zTi 10.17592810.079901 10.255829 18 

43 9.744361 3 {” 9.920015 {**9.824345 *** 10.175655 10.079985 10.255639 17 

44 9.744550 *{* 9.919931 {**9.824619 *** 10.175381 10.080069 10.255450 16 

45 9.744739 9.919846 {**9.824893 * * 10.175107 10.080154 10.255261 15 

46 9.744928 ,{, 9.919762 {*{ 9.825166 *** 10.174834 10.080238 10.255072 14 

47 9.745117 9.919677 {*{9.825439 1** 10.174561 10.080323 10.254883 13 

18 9.745306 *{* 9.919593 {,{9.825713 *** 10.174287 10.080407 10.254694 12 

49 9.745494 *{* 9.919508 {*}9.825986 {** 10.17401410.08049210.254506 11 

50 9.745683 JJ* 9.919424 {‘{9.826259 {** 10.173741 10.08057610.254317 10 

51 9.745871 9.919339 {{{o.826532 * 10.17346810.080661 10.254129 9 

52 9.746060 ,{* 9.919254 {*{9.826805 *** 10.173195 10.08074610.253940 8 

53 9.746248 ,{1 9.919169 {*{9.827078 *** 10.17292210.080831 10.253752 7 

54 9.746436 ,}* 9.919085 {*{9.827351 1*® 10.17264910.080915 10.253564 6 

55 9.746624 *{* 9.919000 {1*9.827624 1** 10.17237610.081000 10.253376 5 

56 9.746812 ,{, 9.918915 {1*9.827897 1 * 10.172103 10.081085 10.253188 4 

57 9.746999 ,{, 9.918830 {1*9.828170 ... 10.171830 10.081170 10.253001 3 

58 9.747187 !{„ 9.918745 {1*9.828442 **? 10.17155810.081255 10.252813 2 

59 9.747374 *{£ 9.918659 {**9.828715 *** 10.171285 10.081341 10.252626 1 

60 9.747562 9.918574 ***9. 828987 * * 10.171013 10.081426 1 0.252438 0 

M Co-sine Sine. Co-tan. Tang. Co-sec. Secant, m 

56 Degrees. 









TABLE XXV. 

LOGARITHMIC 8INBS, TANGENTS, AND SECANTS. 


_ 34 Degrees. 





51 9.756963 

52 9.757144 

53 9.757326 

54 9.757507 

55 9.757688 

56 9.757869 

57 9.758050 

58 9.758230 

59 9.758411 

60 9.758591 

m Co-sine 


55 Degrees. 


Digitized by 






























































































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


Sine. IJJilKICo-sineJ 


35 Degrees. 


D. | Tang. IDifK 


Co-tan. I Secant. I Co-sec. I M 


0 9.758591 

1 9.758772 

2 9.758952 

3 9.759132 

4 9.759312 

5 9.759492 

6 9.759G72 

7 9.759852 

8 9.760031 

9 9.760211 

10 9.760390 

11 9.760569 

12 9.760748 

13 9.760927 

14 9.761106 

15 9.761285 

16 9.761464 
I 17 9.761642 

18 9.761821 

19 9.761999 

20 9.762177 

21 9.762356 

22 9.762534 

23 9.762712 

24 9.702889 

25 9.763067 

26 9.763245 

27 9.763422 
*28 9.763G00 

29 9.763777 

30 9.763954 

31 9.764131 

32 9.764308 

33 9.764183 

34 9.761662 

35 9.764838 

36 9.765015 

37 9.765191 

38 9.765367 

39 9.765544 

40 9.765720 

11 9.765896 

12 9.766072 

43 9.766217 

44 9.766423 

45 9.766598 

46 9.706774 

17 9.766949 

48 9.767124 

49 9.767300 

50 9.767475 

51 9.767619 

52 9.767821 

53 9.767999 

54 9.768173 

55 9.708348 

56 9.768522 

57 9.768697 

58 9.768871 

59 19.769045 

60 19.769219 


M iCo-sinel 


9.913365 

9.913270 

9.913187 

9.913099 

9.913010 

9.912922 

9.912833 

9.912744 

9.912655 

9.912566 

9.912477 

9.912388 

9.912299 

9.912210 

9.912121 

9.912031 

9.911942 

9.911853 

9.911763 

9.911674 

9.911584 

9.911495 

9.911405 

9.911315 

9.911226 

9.911130 

9.911046 

9.910956 

9.910866 

9.910776 

9.910686 

9.910596 

9.910506 

9.910415 

9.910325 

9.910235 

9.910141 

9.910051 

9.909963 

9.909873 

9.009782 

9.909691 

9.909001 

9.909510 

9.909419 

9.909328 

9.909237 

9.909146 

9.909055 

9.908964 

9.908873 

9.908781 

9.908690 

9.908599 

9.908507 

9.908416 

9.908324 

9.908233 

9.908141 

9.908019 

9.907958 


Sine. 


10.154773 10 
10.154504 10, 
10.15423610. 
10.153967 10. 
10.15369S 10, 
10.153430 10 
10.1531G1 10. 
10.15280310. 
10.152624 10. 
10.15235610. 
10.152087 10 
10.15181910. 
10.151551 10. 
10.151283 10. 
10.151014 10. 
10.15074610. 
10.15047810. 
10.150210 10. 
10.149942 10. 
10.149675 10. 
10.149407 10. 
10.14913910. 
10.148871 10. 
10.14860410. 
10.14833610. 
10.14800910. 
10.147801 10. 
10.147534 10. 
10.147267 10. 
10.14699910 
10.146732 10. 
10.146465 10 
10.146198 10. 
10.145931 10. 
10.145664 10. 
10.145397 10. 
10.145130 10. 
10.144863 10. 
10.14459610. 
10.14432910. 
10.144062 10. 
10.14379610. 
10.143529 10. 
10.143263 10. 
10.14299610. 
10.112730 10. 
10.142463 10. 
10.142197 10. 
10.141931 10. 
10.141664 10. 
10.141398 10. 
10.141132 10. 
10.14086610. 
10.140600 10. 
10.140334 10. 
10.)40068 10. 
10.139802 10. 
10.139536 10. 
10.139270 10. 
10,139005 10. 
10.13873910, 


086635 10 
086724 10 
086813 10 
086901 10 
086990 10 
087078 10 
087167 10 
087256 10 
087345 10 
087434 10 
087523 10 
087612 10 
087701 10, 
087790 10, 
087879 10, 
087969 10, 
088058 10. 
068147 10. 
088237 10. 
088326 10. 
088416 10. 
088505 10. 
088595 10. 
088685 10. 
088774 10. 
0888G4 10. 
088954 10. 
089044 10. 
089134 10 
089224 10, 
089314 10_. 
089404 10. 
089494 10. 
089585 10. 
089675 10 
089765 10. 
089856 10. 
089946 10. 
090037 10. 
090127 10. 
090218 10 
090309 10. 
090399 10. 
090490 10. 
090581 10. 
090672 10. 
090763 10. 
090854 10. 
090945 10. 
091036 10. 
091127 10. 
001219 10. 
09131010. 
091401 10. 
091493 10. 
091564 10. 
091076 10. 
091767 10. 
09185916. 
091051 10. 
092042 10. 


.241409 60 
.241228 59 
.241048 58 
.240868 57 
.240G8K 56 
.240508 65 
.240326 54 
.240148 53 
.239969 52 
.239789 61 
.239610 50 
.239431 49 
.239252 48 
.239073 47 
.238894 46 
.238715 45 
.238536 44 
.238356 43 
.238179 42 
.238001 41 
.237823 40 
.237644 89 
.237466 38 
.237288 37 
.237111 36 
.236933 35 
.236755 34 
.236578 33 
.236400 32 
.236223 31 
.236046 30 
.235869 29 
.235692 28 
.235515 27 
.235338 26 
.235162 25 
.234985 24 
.234609 23 
.234633 22 
.234456 21 
.231280 20 
.234101 19 
.233928 18 
.233753 17 
.233577 16 
.233402 15 
.233226 14 
.233051 13 
.232876 12 
.232700 11 
.232525 10 
.232351 9 

.232176 8 

.232001 7 

.231827 6 

.231652 5 

.231478 4 

.231303 3 

.231129 2 

.230955 1 

.230781 0 



54 Degrees. 















TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


36 Degrees. 



53 Degrees. 




























































































































































































































































TABLE XXV. 147 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


37 Degrees. 


Sine. [Diff.|Co-sine.| D. I Tang. |Diff.| Co-tan. | Secant. |Co-sec. | M 






















































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


38 Degrees. 


Secant. I Co-sec. | m 


9.896532 
9.896433 
9.896335 
9.896230 
9.896137 
9.896038 
9.895939 
9.895840 
9.895741 
9.895641 
9.895542 
9.895443 
9.895343 
9.895244 
9.895145 
9.895045 
9.894945 
9.894846 
9.894746 
9.894646 
9.894546 
9.894446 
9.894346 
9.894246 
9.894146 
9.894046 
9.893946 
9.893846 
9.893745 
9.693645 
9.893544 
9.893444 
9.893343 
9.893243 
9.893142 
9.893041 
9.892940 
9.892839 
9.892739 
9.892638 
9.692536 


.892810 

.893070 

.893331 

.693591 

.893851 

.894111 

.894371 

.894632 

.894892 

.895152 

.895412 

.695672 

.895932 

.896192 

.896452 

.896712 

.896971 

.897231 

.897491 

.897751 

.698010 

.898270 

.898530 

.898789 

.899049 

.899306 

.899568 

.899827 

.900086 

.900346 

.900605 

.900864 

.901124 

.901383 

.901642 

.901901 


10.10719010. 
10.10693010. 
10.106669 10. 
10.106409 10. 
10.10614910. 
10.10588910. 
10.105629 10. 
10.105368|10. 
10.105108 10. 
10.10484810. 
10.10458810. 
10.104328 10. 
10.10106810. 
10.10380810. 
10.10354810. 
10.10328810. 
10.10302910. 
10.102769 10. 
10.102509 10. 
10.102249 10. 
10.101990 10. 
10.101730 10. 
10.101470 10. 
10.101211 10 . 
10.100951 10. 
10.100692 10. 
10.10043210. 
10.10017310. 
10.09991410. 
10.09965110. 
10.099395 10. 
10.099136 10. 
10.09887610. 
10.09861710. 
10.09835810. 
10.09809910. 
10.097840 10. 
10.097581 10. 
10.097321 10. 
10.09706210. 
10.096803 10. 


103468 10. 
103567 10. 
103665 10. 
103764 10. 
103863 10. 
103962 10. 
104061 10. 
104160 10. 
104259 10. 
10135910. 
10445 8 10. 
104557 10. 
10165710. 
10475610. 
104855 10. 
104955J10. 
10505510. 
105154 10. 
105254 10. 
105354 10. 
105454|l0. 
105554 10. 
10565410. 
105754 10. 
105854 10. 
10595410. 
106054 10. 
106154 10. 
106255 10. 
10 355 10. 
10615610. 
10655610. 
106657 10. 
106757 10. 
10685810. 
106959 10. 
107060 10. 
10716110. 
10726110. 

I- 

1 


2106581 60 
210496 09 
210335 58 
.210173 87 
.210012 86 I 
.2098511 05 

3 84 
8S 

.209368! 8! 
.209207 81 
.209046 j0^ 
.208885 40 
.208725! 18 
.208564 47 
.208404 4i I 
.208243 48 I 
.208083. 44 i 
.207923 41 
.207763) «j 
.207603 41 1 
.2074431 40 
.207284! SO 
.207124,10 
.206965 37 
.206805 tf 
.206646 38 
.206486 SI 
.206327 n 

.206168 S* 

.206009 SI 

.205850 a 

.2056921 

.205533* 

.205374: 

.2052161 
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TABLE XXV. 


LOGARITHMIC 8INKS, TANGENTS, AND SECANTS. 


39 Degrees. 

M 

Sine. 

Diff. 

Co-sine. 

D. 

Tang. 

Diff. Co-tan. 

Secant. 

Co-sec. 

M 

0 

1 

2 

S 

4 

5 

6 

7 

8 

9 

10 

JL 

260 

260 

260 

259 

259 

259 

259 

259 

259 

258 

258 

258 

258 

258 

258 

258 

257 

257 

257 

257 

257 

257 

256 

256 

256 

256 

256 

256 

256 

255 

255 

255 

255 

255 

255 

254 

254 

254 

254 

254 

254 

254 

253 

253 

253 

253 

253 

253 

253 

252 

252 

252 

252 

252 

252 

252 

251 

251 

251 

251 

9.890503 

9.890400 

9.890298 

9.890195 

9.890093 

9.889990 

9.889888 

9.889785 

9.889682 

9.889579 

9.889477 

170 

171 
171 
171 
171 
171 
171 
171 
171 
171 

171 

172 
172 
172 
172 
172 
172 
172 
172 

172 

173 
173 
173 
173 
173 
173 
173 
173 
173 

173 

174 
174 
174 
174 
174 
174 
174 
174 
174 

174 

175 
175 
175 
175 
175 
175 
175 
175 
175 

175 

176 
176 
176 
176 
17G 
170 
170; 
170l 
170| 
176 

9.908369 

9.908628 

9.908886 

9.909144 

9.909402 

9.909060 

9.909918 

9.910177 

9.910135 

9.910093 

9.910951 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

430 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

429 

428 

428 

428 

428 

428 

428 

428 

428 

428 

428 

428 

428 

428 

428 

428 

428 

42S 

428 

428 

10.091631 

10.091372 

10.091114 

10.090856 

10.090598 

10.090340 

10.090082 

10.089823 

10.089565 

10.089307 

10.089049 

10.109497 

10.109600 

10.109702 

10.109805 

10.109907 

10.110010 

10.110112 

10.110215 

10.110318 

10.110421 

10.110523 

10.201128 

10.200972 

10.200816 

10.200661 

10.200505 

10.200349 

10.200194 

10.200038 

10.199883 

10.199728 

10.199573 

60 

59 

58 

57 

5(f 

55 

54 

53 

52 

51 

50 



9.889374 

9.889271 

9.889168 

9.889061 

9.888961 

9.888858 

9.888755 

9.888651 

9.888548 

9.888444 

9.911209 

9.911407 

9.911724 

9.911982 

9.912240 

9.912498 

9.912756 

9.913014 

9.913271 

9.913529 

10.088791 

10.088533 

10.088276 

10.088018 

10.087760 

10.087502 

10.087244 

10.086986 

10.086729 

10.086471 

10.110626 

10.110729 

10.110832 

10.110936 

10.111039 

10.111142 

10.111245 

10.111349 

10.111452 

10.111556 

10.199418 

10.199263 

10.199108 

10.198953 

10.198799 

10.198644 

10.198489 

10.198335 

10.198181 

10.198027 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

21 

22 

23 

24 

25 

26 

27 

28 
29 
SO 

9.802128 

9.802282 

9.802436 

9.802589 

9.802743 

9.802897 

9.803050 

9.803204 

9.803357 

9.803511 

9.888341 

9.888237 

9.888134 

9.888030 

9.887926 

9.887822 

9.887718 

9.887614 

9.887510 

9.887406 

9.913787 

9.914044 

9.914302 

9.914560 

9.914817 

9.915075 

9.915332 

9.915590 

9.915847 

9.916104 

10.086213 

10.085956 

10.085698 

10.085440 

10.085183 

10.084925 

10.084668 

10.084410 

10.084153 

10.083896 

10.111659 

10.111763 

10.111866 

10.111970 

10.112074 

10.112178 

10.112282 

10.112386 

10.112490 

10.112594 

10.197872 

10.197718 

10.197564 

10.197411 

10.197257 

10.197103 

10.196950 

10.196796 

10.196643 

10.196489 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

51 

52 

ss 

34 

35 

36 
S7 
38 
SO 
40 

9.803661 

9.803817 

9.803970 

9.804123 

9.804276 

9.804428 

9.804581 

9.804734 

9.804886 

9.805039 

9.887302 

9.887198 

9.887093 

9.886989 

9.886885 

9.886780 

9.886676 

9.886571 

9.886466 

9.886362 

9.916362 

9.916619 

9.916877 

9.917134 

9.917391 

9.917648 

9.917905 

9.918163 

9.918420 

9.018677 

10.083038 

10.083381 

10.083123 

10.082866 

10.082609 

10.082352 

10.082095 

10.081837 

10.081580 

10.081323 

10.112698 

10.112802 

10.112907 

10.113011 

10.113115 

10.113220 

10.113324 

10.113429 

10.113534 

10.113638 

10.190336 
10.196183 
10.196030 
10.195877 
10.195724 
10.195572 
10.195419 
10.195266 
10.195114 
10.194961 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

1 

an 

MH 

9.886257 

9.886152 

9.886047 

9.885942 

9.885837 

9.885732 

9.885627 

9.885522 

9.885416 

9.885311 

9.918934 

9.919191 

9.919448 

9.919705 

9.919962 

9.920219 

9.920476 

9.920733 

9.920990 

9.921247 

10.081006; 

10.080809 

10.080552 

10.080295 

10.080038 

10.079781 

10.079524 

10.079267 

10.079010 

10.078753 

10.113743 

10.113848 

10.113953 

10.114058 

10.114163 

10.114268 

10.114373 

10.114478 

10.114584 

10.114689 

10.194809 

10.194657 

10.194505 

10.194353 

10.194201 

10.194049 

10.193897 

10.193746 

10.193594 

10.193443 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

| 


9.885205 

9.885100 

9.884994 

9.884889 

9.884783 

9.884677 

9.884572 

9.884466 

9.884360 

9.884254 

9.921503 
9.921760 
9.922017 
9.922274 
9.922530 
9.922787 
19.923044 
9.923300 
[9.923557 
j9.923813 

10.078497 

10.078240 

10.077983 

10.077726 

10.077470 

10.077213 

10.076956 

10.076700 

10.076443 

10.076187 

10.114795 

10.114900 

10.115006 

10.115111 

10.115217 

10.115323 

10.115428 

10.115534 

10.115640 

10.115746 

10.193291 

10.193140 

10.192989 

10.192837 

10.192686 

10.192535 

10.192385 

10.192234 

10.192083 

10.191933 

9 

8 

7 

6 

5 

4 

0 

H 

Co-sine 


Sine. 

|Co-tan. 

l 

TangT 



□ 

|| 50 Degrees. 1 




















































TABLE XXV. 

LOGARITHMIC SIXES, TANGBNT8, AND 8B0ANTS. 


_ 40 Degrees. 

















































































































































































































































































TABLE XXV. 

LOGARITHMIC SINKS, TANGENTS, AND SECANTS* 


41 Degrees. 







































































































































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGBNT8, AND 8ECANTS. 


Sine. IDiflF.iCo-sine.l D 




42 Degrees. 


Tang. IDiff.l Co-tan. 





























































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND 8BCANTS. 


43 Degrees. 


Tang. IDiff.l 



























































































































































































































































164 TABLE XXV. 


LOGARITHMIC 8INRS, TANGENTS, AND 8ECANTS. 


44 Degrees. 

M 


imi 

Co-sine. 

D. 

Tang. 

Diff. 

Co-tan. 

Secant. 

Co-sec. 

M 

0 

1 

2 

3 

4 

5 

a 

7 

8 

9 

10 

9.841771 

9.841902 

9.842033 

9.842103 

9.842294 

9.842424 

9.842555 

9.842085 

9.842815 

9.842940 

9.843070 

218 

218 

218 

217 

217 

217 

217 

217 

217 

217 

217 

216 

216 

216 

216 

216 

216 

216 

216 

215 

215 

215 

215 

215 

215 

215 

215 

214 

214 

214 

214 

214 

214 

214 

214 

214 

213 

213 

213 

213 

213 

213 

213 

213 

212 

212 

212 

212 

212 

212 

212 

212 

211 

211 

211 

211 

211 

211 

211 

211 

9.856934 

9.856812 

9.856690 

9.856568 

9.856446 

9.856323 

9.856201 

9.856078 

9.855956 

9.855833 

9.855711 

203 

203 

204 
204 
204 
204 
204 
204 
204 

204 

205 
205 
205 
205 
205 
205 
205 

205 

206 
206 
206 
206 
206 
206 
206 
206 
206 
207 
207 
207 
207 
207 
207 
207 
207 

207 

208 
208 
208 
208 
208 
208 
208 
208 
209 
209 
209 
209 
209 
209 
209 

209 

210 
210 
210 
210 
210 
210 
210 

| 210 

9.984837 

9.985090 

9.985343 

9.985596 

9.985848 

9.986101 

9.986354 

9.986607 

9.986860 

9.987112 

9.987365 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

10.015163 

10.014910 

10.014657 

10.014404 

10.014152 

10.013899 

10.013646 

10.013393 

10.013140 

10.012888 

10.012635 

10.143066 

10.143188 

10.143310 

10.143432 

10.143554 

10.143677 

10.143799 

10.143922 

10.144044 

10.144167 

10.144289 

10.158229 

10.158098 

10.157967 

10.157837 

10.157706 

10.157576 

10.157445 

10.157315 

10.157185 

10.157054 

10.156924 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

9.843200 

9.H4333G 

9.843460 

9.843595 

9.843725 

9.843855 

9.843984 

9.844114 

9.844243 

9.844372 

9.855588 

9.865465 

9.855342 

9.855219 

9.855096 

9.854973 

9.854850 

9.854727 

9.854603 

9.854480 

9.987618 

9.987871 

9.988123 

9.988376 

9.988629 

9.988882 

9.989134 

9.989387 

9.989640 

9.989893 

10.012382 

10.012129 

10.011877 

10.011624 

10.011371 

10.011118 

10.010866 

10.010613 

10.010360 

10.010107 

10.144412 

10.144535 

10.144658 

10.144781 

10.144904 

10.145027 

10.145150 

10.145273 

10.145397 

10.145520 

10.156794 

10.156664 

10.156534 

10.156405 

10.156275 

10.156145 

10.156016 

10.155886 

10.155757 

10.155628 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

21 

22 

23 

24 

25 
20 

27 

28 
29 

to 

9.844502 

9.844631 

9.844760 

9.844889 

9.845018 

9.845147 

9.845276 

9.845405 

9.845533 

9.845602 

9.854356 

9.854233 

9.854109 

9.8539S0 

9.853862 

9.853738 

9.853614 

9.853490 

9.853366 

9.853242 

9.990145 

9.990398 

9.990651 

9.990903 

9.991156 

9.991409 

9.991662 

9.991914 

9.992167 

9.992420 

10.009855 

10.009602 

10.009349 

10.009097 

10.008844 

10.008591 

10.008338 

10.008086 

10.007833 

10.007580 

10.145644 

10.145767 

10.145891 

10.146014 

10.146138 

10.146262 

10.146386 

10.146510 

10.146634 

10.146758 

10.155498 
10.155369 
10.155240 
10.155111 
10.154982 
10.154853 
10.154724 
10.154595 
10.1544G7 
10.154338 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

31 

32 

33 

34 

35 
30 

37 

38 
89 
40 

9.845790 

9.845919 

9.846047 

9.846175 

9.846304 

9.846432 

9.846560 

9.846088 

9.846816 

9.846944 

9.853118 

9.852994 

9.852869 

9.852745 

9.852620 

9.852496 

9.852371 

9.852247 

9.852122 

9.851997 

9.992672 

9.992925 

9.993178 

9.993430 

9.993683 

9.993936 

9.994189 

9.994441 

9.994694 

9.994947 

10.007328 
10.007075 
10.006822 
10.006570 
10.006317 
10.006064 
10.<005811 
10.005559 
10.005306 
10.005053 

10.146882 

10.147006 

10.147131 

10.147255 

10.147380 

10.147504 

10.147629 

10.147753 

10.147878 

10.148003 

10.154210 

10.154081 

10.153953 

10.153825 

10.153696 

10.153568 

10.153440 

10.153312 

10.153184 

10.153056 

29 | 
28 
27 
26 
25 
24 ! 
23 
22 
21 
20 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

9.847071 

9.847199 

9.847327 

9.847454 

9.847582 

9.847709 

9.847836 

9.847964 

9.848091 

9.848218 

9.851872 

9.851747 

9.851622 

9.851497 

9.851372 

9.851246 

9.H51121 

9.850996 

9.850870 

9.850745 

9.995199 

9.995452 

9.995705 

9.995957 

9.996210 

9.996463 

9.996715 

9.996968 

9.997221 

9.997473 

10.004801 

10.004548 

10.004295 

10.004043 

10.003790 

10.003537 

10.003285 

10.003032 

10.002779 

10.002527 

10.148128 

10.148253 

10.148378 

10.148503 

10.148628 

10.148754 

10.148879 

10.149004 

.10.149130 

10.149255 

10.152929 

10.152801 

10.152673 

10.152546 

10.152418 

10.152291 

10.152164 

10.152036 

10.151909 

10.151782 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

51 

52 

53 

54 

55 
50 

57 

58 

59 

60 

9.848345 

9.848472 

9.848599 

9.848726 

9.848852 

9.848979 

9.849106 

9.849232 

9.849359 

9.840485 

9.850619 

9.850493 

9.850368 

9.850242 

9.850116 

9.849990 

9.849864 

9.849738 

9.849611 

9.849485 

9.997726 

9.997979 

9.998231 

9.998484 

9.998737 

9.998989 

9.999242 

9.999495 

9.999747 

0.000000 

10.002274 

10.002021 

10.001769 

10.001516 

10.001263 

10.001011 

10.000758 

10.000505 

10.000253 

10.000000 

10.149381 

10.149507 

10.149632 

10.149758 

10.149884 

10.150010 

10.150136 

10.150262 

10.150389 

10.150515 

10.151655 

10.151528 

10.151401 

10.151274 

10.151148 

10.151021 

10.150894 

10.150768 

10.150641 

10.150515 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

M 

Co-sine 


Sine. 


Co-tan.| 

Tang. 

Co-sec. 

Secant. 

M I 


45 Degrees. 




















TABLE XXVI -NATURAL SINES. 


165 

M 

| 0° 

mm 


3° 

4° 

5° 

mm 

7° 

8° 

8° 

□ 

0 


017452 



069756 

087166 

104528 

121869 

139173 

1564S4 

ES 

1 


017748 



070047 

087440 

104818 

122168 

139461 

156722 

59 

2 


018034 


052917 

070337 

087735 

105107 

122447 

139749 

157009 

58 

3 


018325 


053207 

070627 

088025 

105396 

122735 

140037 

157296 

57 

4 


018616 


053498 

070917 

088315 

105686 

123024 

140825 

157584 

56 

5 


018907 


053788 

071207 

088605 

105975 

123313 

140613 

157871 

55 

6 


019197 


054079 

071497 

088894 

106264 

123601 

140901 

168168 

54 

7 


010488 


054369 

071788 

089184 

106553 

123890 

141189 

158445 

53 

8 

002327 

019779 


054660 

072078 

089474 

106843 

124179 

141477 

158732 

52 

m 

002618 

020070 


054950 

072368 

089763 

107132 

124467 

141765 

159020 

51 

ho 

002000 

020361 


B 

072658 

090053 

107421 

124756 

142053 

159307 

50 

Hr 

003200 

020652 

038097 

055531 

072948 

090343 

107710 

125045 

142341 

159594 

49 

12 

00S491 

020942 

038388 

055822 

073238 

090633 

107999 

125338 

142629 

159881 

48 

IS 

003782 

021233 

038678 

056112 

073528 

090922 

108289 

125622 

142917 

160168 

47 

14 

004072 

021524 

038969 

056402 

073818 

091212 

108578 

125910 

143206 

160455 

46 

15 

004363 

021815 

039260 

056693 

074108 

091502 

108867 

126199 

143493 

160743 

45 

10 

004664 

022106 

039560 

056983 

074399 

091791 

109156 

126488 

143780 

161030 

44 

17 

004045 

022897 

039841 

057274 

074689 

092081 

109445 

126776 

144068 

161317 

48 

18 

006236 

022687 

040132 

057564 

074979 

092371 

109734 

127065 

144356 

161604 

42 

10 

006527 

022978 

040422 

057854 

075269 


110023 

127S53 

144644 

161891 

41 


005818 

023269 

040718 

058145 

075559 

092950 

110313 

127642 

144932 

162178 

40 

21 

006109 


I'inxii 

058435 

075849 

093239 

110602 

127930 

145220 

162465 

39 

22 

006309 

023851 

041294 

058786 

076139 

093529 

110891 

128219 

145507 

162752 

m\ 

2S 

006600 

024141 

041585 

059016 

076429 

098819 

111180 

128507 

145795 

163039 

37 

24 

006981 

024432 

041876 

059306 

076719 

094108 

111469 

128796 

146083 

168326 

EH 

25 

007272 

024723 

042166 

059597 

077009 


111758 

129084 

146371 

163613 

85 

20 

00756S 

036014 

042467 

059887 

077299 

094687 

112047 

129378 

146659 

163900 

m 

27 

007854 

026305 

042748 

060177 

077589 

094977 

112336 

129661 

146946 

164187 

i!| 

28 

008145 

026595 


060468 

077879 

095267 

112625 

129949 

147234 

164474 

m 

20 

008436 

026886 

043329 

060758 

078169 

095656 

112914 

1302S8 

147522 

164761 

31 

SO 

008727 

026177 

043619 

061049 

078459 

095846 

113203 

ISOS 26 

147809 

165048 

30 

SI 

009017 

026468 

04S910 

061339 

078749 

096135 

113492 

130816 

148097 

165384 

29 

S2 

009308 

026759 

044201 

061629 

079039 

096425 

118781 

131103 

148385 

166621 

28 

ss 

000590 

027049 

044491 

061920 

079329 

096714 

114070 

1S1391 

148672 

165908 

27 

S4 

009890 

027840 

044782 

062210 

079619 

097004 

114369 

131680 

148960 

166195 

26 

35 

010181 

027631 

045072 

062500 


097293 

114648 

131968 

149248 

166482 

25 

36 

014472 

027922 

045363 

062791 

080199 

097583 

114937 

FTTTZl 

1495S5 

166769 

24 

87 

010763 

028212 

045654 

063081 

080489 

097872 

115226 

132545 

14982S 

167056 

23 

88 

011054 

028503 

045944 

063371 

080779 

098162 

116516 

132833 

150111 

167342 

22 

m 

011344 

028794 

046235 

063661 

081069 

098451 

115804 

133121 

150398 

167629 

21 

!lD 

011635 

029085 

046525 

063952 

081359 

098741 

116093 

133410 

150686 

167916 

El 

41 

011926 

029375 

046816 

064242 

081649 

099030 

116382 

133698 

150973 

168203 

in 

42 

012217 

029666 

047106 

064532 

081939 

099320 

116671 

133986 

151261 

168489 

[IS 

4S 

012508 

029957 

047897 


082228 

099609 

116960 

134274 

151548 

168776 

Iri 

44 

012799 

030248 

047688 

065113 

082518 

099899 

117249 

134563 

151836 

169063 

16 

45 

013090 

030639 

047978 

065403 

082808 

100188 

117537 

1S4861 

152123 

169350 

15 

46 

013380 

080829 

048260 

065693 

083098 

100477 

117826 

IS5139 

152411 

169636 

14 

47 

01S671 

031120 

048559 

065984 

rrerrei 

100767 

118115 

135427 

152698 


13 

48 

013962 

081411 

048850 

066274 

083678 

101056 

118404 

135716 

152986 

170209 

12 

49 

014263 

031702 

049140 

066564 

083968 

101346 

118698 

136004 

153273 

170496 

11 

50 

014544 

031992 

049481 

066854 

084258 

101635 

118982 

136292 

153561 

170783 

10 

61 

014836 

082283 

049721 

067145 

084547 

101924 

119270 

IS6580 

153848 

171069 

9 

52 

015126 

032574 

050012 

067435 

084837 

102214 

119559 

136868 

154136 

171356 

8 

53 

015416 

032864 

050302 

067725 

085127 

102503 

119848 

137156 

154423 

171643 

7 

64 

016707 

033155 

050593 

068015 

085417 

102793 

120137 

137446 

154710 

171929 

6 

65 

015998 

033446 

050883 

068306 

085707 

103082 

120426 

137733 

154998 

172216 

5 

50 

016289 

033737 

051174 

068596 

085997 

103371 

120714 

138021 

155285 

172502 

4 

67 

016580 

034027 

051464 

068886 

086286 

103661 

121003 

138809 

155572 

172789 

3 

58 

016871 

034318 

051756 

069176 

086576 

103950 

121292 

188597 

155860 

173075 

2 

60 

017162 

034609 

062045 

069466 

086866 

104239 

121581 

138885 

156147 

173362 

1 

60 

017452 

034899 

052336 

069756 

087156 

104528 

121869 

139173 

156434 

173648 

0 

1 El! 

89° 

88° 

87° 

86° 

86° 

84° 

83° 

82° 

81° 

80° 

M 

|) Natural Co-sines. || 

m 

485 

484 

484 

483 

488 

483 

481 

480 

478 

□ 


Digitized by V google 






























































































































TABLE XXVI.- NATURAL SINES. 



10° I 11? 12? 


191006 
101*80 
191666 

1919611909060 
S09SS4 


16° I 17° I 16° I 



176612 


11 176796 
19 177085 
15 177*71 

14 177667 

15 177944 

16 178950 

17 178616 

18 178809 

19 179088 


900905 *26065 
910187 *27218 
21047* *37601 
910766 9*7784 


8419*2 

268819 

FTT-jTI 

269100 

84*486 

*4*769 

m 

84*651 

*5994* 

24**** 

260834 

a 


*60785 

244179 

rim 

244461 

*61*47 

24474* 

261628 





509017 
*92660|509994 
*09670 
*09847 
29*484 [*10125 
*16400 
*94040 [ *10676 


311*29 
*948741*11606 
29615* *11782 


59 

5261181*8 
*26*9*I67 
66 
66 

*27218)64 
52749* 
*27768 
*28042 
528*17 


49 

*28867 48 
*29141 47 
*29416146 
46 



41 186*81 
42 186667 
4* 186952 
44 186238 
46 1865*4 

46 186810 

47 187096 

48 187*81 

49 187667 

50 187958 


1882*8 
188524 
188810 
189095 
56 189*81 

56 189667 

57 189952 

58 1902*8 
69 19052* 
60 190809 


202502 

202787 

208072 

20**57 

20*642 

203927 

204211 

204496 

204781 

206066 


205*50 

2056*6 

205920 

206204 

206489 

20677* 

207068 

20784* 

207627 

207912 


78° 


22268* 

222967 

223260 

228534 

223817 

224101 

224384 

224668 

224951 


77° 


74° 


Natural Co-sines. 


toMO*! 477 ! 476 475 I 471 | 469 497 465 462 460 | 467 















































































































































































Digitized by V boogie 

































































































































































TABLE XXVI. -NATURAL SINES. 


35° 36° 



602700 
503020 
503271 
503523 

15 503774 

16 504025 

17 504276 

18 504528 

19 504779 

20 505030 



561843 

662083 

562324 

562564 

562805 

563045 

563286 

563526 

563766 

564007 


573576 

573815 

574053 

574291 

574529 

574767 

575005 

575243 

575481 

575719 

57595T 


576195 

576432 

576670 

576908 

577145 

577383 

577620 

577858 

578095 

578332 


587785 

588021 

588256 

588491 

588726 

588961 

589196 

589431 

589666 

589901 

590136 



604367 

604599 

604831 

605062 

605294 

605526 

605757 

605988 

606220 

606451 


615661 

615891 

616120 

616349 

616578 

616807 

617036 

617265 

617494 

617722 

617951 


618180 

618408 

618637 

618865 

619094 

619322 

619551 

619779 

620007 

620235 


60 

629546 59 
629772 58 
629998 57 
630224 56 
630450 55 
630676 54 
630902 
631127 
631353 
631578 


631804 
632029 
632255 
632480 46 
632705 45 
632931 44 
633156 43 
633381 
633606 
633831 













































































































































TABLE XXVI. -NATURAL SINES. 


46° 46° 


111 


656050 

656279 

656498 

656717 

656937 

657156 

657375 

657594 

657814 

658033 

658252 


658471 

658689 

658908 

659127 

659346 

659565 

659783 

660002 

660220 

660439 


681998 

682211 

682424 

682636 

682849 

683061 

683274 

683486 

683698 

683911 

684123 




694658 

694868 

695077 

695286 

695495 

695704 

695913 

696122 

696330 

696539 

696748 


m 


I 



0 642788 

1 643010 

2 643233 

3 613456 

4 643679 

5 643901 

6 644124 

7 644346 

8 644569 

9 644791 
64501S 


11 645236 

12 645458 

13 645680 

14 645902 

15 646124 

16 646346 

17 646568 

18 646790 

19 647012 

20 647233 


647455 
647677 
647898 
648120 
648341 
648563 

27 648784 

28 649006 

29 649227 

30 649448 


649669 
649890 

33 650111 

34 650332 

35 650553 

36 650774 

37 650995 
88 651216 

651437 
651657 


707107 

707312 

707518 

707723 

707929 

708134 

708340 

708545 

708750 

708956 

709161 


709366 

709571 

709776 

709981 

710185 

710390 

710595 

710799 

711004 

711209 


711413 

711617 

711822 

712026 

712230 

712434 

712639 

712843 

713047 

713250 


713454 

713658 

713862 

714066 

714269 

714473 

714676 

714880 

715083 

715286 


715490 

715693 

715896 

716099 

716302 

716505 

716708 

710911 

717113 

717316 


717519 

717721 

717924 

718126 

718329 

718531 

718733 

718936 

719138 

719340 


719340 

719542 

719744 

719946 

720148 

720349 

720551 

720753 

720954 

721156 

721357 


721559 

721760 

721962 

722163 

722364 

722565 

722766 

722967 

723168 

723369 


723570 

723771 

723971 

724172 

724372 

724573 

724773 

724974 

725174 

725374 


725575 

725775 

725975 

726175 

726375 

726575 

726775 

726974 

727174 

727374 


727573 

727773 

727972 

728172 

728371 

728570 

728769 

728969 

729168 

729367 


729566 

729765 

729963 

730162 

730361 

730560 

730758 

730957 

731155 

731354 


« 

49° 

48° 


46° 

1 

mm 

3G3 

357 

352 


731354 

731552 

731750 

731949 

732147 

732345 

732543 

732741 

732939 

733137 

733334 


733532 

733730 

733927 

734125 

734323 

734520 

734717 

734915 

735112 

735309 


735506 

735703 

735900 

736097 

736294 

736491 

736687 

736884 

737081 

737277 


737474 

737670 

737867 

738063 

738259 

738455 

738651 

738848 

739043 

739239 


739435 

739631 

739827 

740023 

740218 

740414 

740609 

740805 

741000 

741195 


741391 

741586 

741781 

741976 

742171 

742366 

742561 

742755 

742950 

743145 


42° 


743145 

743339 

743534 

743728 

743923 

744117 

744312 

744506 

744700 

744894 

745088 


745282 

745476 

745670 

745864 

746057 

746251 

746445 

746638 

746832 

747025 


747218 

747412 

747605 

747798 

747991 

748184 

748377 

748570 

748763 

748956 


749148 

749341 

749534 

749726 

749919 

750111 

750303 

750496 

750688 

750880 


751072 

751264 

751456 

751648 

751840 

752032 

752223 

752415 

752606 

752798 


751710 60 
754900 59 
765091 58 
755282 57 
755472 56 
765663 55 
755853 54 
756044 
756234 62 
756425 51 
756615 50 


756805 

756995 

757185 

757375 

757565 

757756 

757945 

758134 

768324 

768514 


758703 
758893 
759082 
759271 36 
759461 35 
769650 34 
759839 
760028 
760217 
760406 


760595 29 
760784 28 
760972 27 
761161 26 
761350 25 
761638 24 
761727 23 
761916 22 
762104 
762292 


762480 
762668 
762856 
763044 16 
763232 15 
768420 14 
763608 13 
763796 12 
763984 11 
764171 10 


764359 9 
764547 8 

7647341 7 
6 



Natural Co-sines. 


y Google 











































































































































































































































































































































TABLE XXVI* -NATURAL SINES. 



Google 
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TABLE XXVI, -NATURAL SINKS. 


939792 

939691 

939991 

940090 

940189 

940288 

940387 

940486 

940585 

940684 


940782 
940881 
940979 
941078 

15 941176 

16 941274 

17 941372 

18 941471. 

19 941560 
90 941060 


945510 

945613 

945708 

945802 

945897 

945991 

946085 

946180 

946274 

946368 

946402 


946555 

946649 

946743 

946837 

946930 

947024 

947117 

947210 

947304 

947397 




729 

ie m 

74° 

75° 

76° j 

77° 

951057 

956305 

961262 

965926 

970296 

974370 

951146 

956390 

961342 

966001 

970366 

974435 

951236 

956475 

961422 

966076 

970436 

074501 

951326 

956560 

961502 

966151 

970506 

974566 

951415 

956644 

961582 

966226 

970577 

974631 

951505 

956729 

961662 

966301 

970647 

974696 

951594 

956814 

961741 

966376 

970716 

974761 

951684’ 

956898 

961821 

966451 

970786 

974826 

951773 

956983 

961901 

966526 

970856 

974891 

951862 

957067 

961980 

966600 

970926 

974956 

951951 

957151 

962059 

966675 

970995 

9750201 


79° !m 


982233 49 
982287 48 
982342 47 
982396 46 
982450 45 
982505 44 
9S2559 43 
982613 42 
982667 41 
982721 40 



978148 

978208 

978268 

978329 

978389 

978449 

978509 

978569 

978629 

978689 

978748 


978808 

978867 

978927 

978986 

979045 

979105 

979164 

979223 

979282 

979341 


979399 

979458 

979517 

979575 

979634 

979692 

979750 

979809 

979867 

970925 


979983 

980041 

980098 

980156 

980214 

980271 

980329 

980386 

980443 

980500 



14° 


Natural Co-sines. 


130 121 113 105 97 



































































































































































M 80° 81° 

T 984808 987G* 

1 984858 ’98772 

2 984909 98771 

3 984959 98785 

4 985009 98781 

5 985059 98791 

6 985109 9879t 

7 985159 9880C 

8 985209 98805 

9 985259 9880S 
10 985309 9S813 
TF 985358 988 lfc 

12 985408 9882^ 

13 985457 98827 
U 985507 98831 

15 985556 9883C 

16 985605 98840 

17 985654 98845 

18 985703 98840 

19 985752 98853 

20 985801 98858 


TABLE XXVI. -NATURAL sines. 103 

82° I 83° I 84° I 85° I 80° I 87° I Oti° I 80° Im 


99254G 

992582 

992617 

992652 

992G87 

992722 

992757 

992792 

992827 

9928G2 

992896 


994522 

994552 

994583 

994613 

994643 

994673 

994703 

994733 

994762 

994792 

994822 


21 985850 988626 

22 985899 988669 

23 985947 988713 

24 985996 988756 

25 986045 988800 

26 986093 988843 

27 986141 988886 

28 986189 988930 

29 986238 988973 

30 986280 989016 


996195 

996220 

996245 

996270 

996295 

996320 

996345 

996370 

996395 

996419 

996444 

996168 

996493 

996517 

996511 

996566 

996589 

996614 

996637 

996661 

996685 


996709 

996732 

996756 

996779 

996802 

996825 

996848 

996872 

996894 

996917 


997504 

997584 

997604 

997625 

997G45 

9976G4 

997684 

997704 

997724 

997743 

997763 


998630 

998645 

998660 

998675 

998690 

998705 

998719 

998734 

998749 

998763 

998778 


31 986331 1 

32 986381 1 

33 986429 1 
31 986477 1 

35 986525 ! 

36 986572 

37 986620 

38 98G667 

39 986714 

40 986762 

41 986809 

42 986856 

43 986903 
41 986950 

15 986996 

16 987013 

17 987090 

18 967136 

19 987183 

50 987229 

51 987275 

52 987322 

53 987368 
64 987414 

55 987160 

56 987506 
37 987551 

58 987597 

59 987643 
GO 987688 

M 9° 


1 Dm * t 80 72 
to lOO'l 80 72 


999848 60 
999853 59 
999858 58 
999863 57 
999867 56 
999872 55 
999877 54 
999881 53 
999886 52 
999890 51 
999894 50 
999898 49 
999903 48 
999907 47 
999910 46 
999914 45 
999918 44 
999922 43 
999925 42 
999929 41 
999932 40 


99993G 39 
999939 38 
999942 37 
999945 36 
999948 35 
999951 34 
999954 33 
999957 32 
999959 31 
999962 30 
999964 29 
999967 2ft 
999969 27 
999971 26 
999974 25 
999976 24 
999978 23 
999980 22 
999981 21 
999983 20 
909985 To 
999986 18 
999988 17 
999989 16 
999990 15 
999992 14 
999993 13 
999994 12 
999995 11 
999996 10 
999997 9 
999997 8 
999998 7 
999998 6 
999999 5 
999999 4 
1000000 3 ■ 

1000000 2 
1000000 1 I 
1 1000000 0 

0° M 


Natural Co-sines. 







164 TABLE XXVII. 

To find the latitude by double altitudes, and the elapsed time. 

HALF ELAPSED TIME. 


0 II 

0» «• 

10* 

15* 

20* 

25' 

4 3936 

13833 

96224 

837 30 

74039 

2.36018 32542 

29324 

26328 

23525 

20892 

f 05916 04143 

02440 

00801 

99221 

97697 

1.88307 87118 

85959 

181831 

83732 

82660 


_ . WW II -mwaw m twt* > uv ui.iwg u»m WUUvJi Ul UJM UUOOtf 

5 l .66125 65407 64701 6400G 63322 62649 61986 61333 60690 60056 59431 58815 ~ 

6 58208 57609 57019 56436j55U61 55293 54733 54180 53634 53094 52561 52035 

7 51515 51001 50494 49992 49496 49005 48520 48040 4756G 47096 16G32 46173 

3 45718 45268 44823 44382 43946 43514 43086 42663 42243 41828 41417 41009 

9 40605 40205 39809 39416 39027 38641 38258 37879 37504 37131 36762 36395 

10 l .36032 35672 35315 34960 34609 34260 33915 33572 33231 32893 32558 32226 7 

11 31896 31568 31243 30921 30600 30282 29967 29653 29342 29034 28727 28422 1 

12 28120 27820 27522 27225 26931 26639 20349 26061 25774 25490 25207 2492G 2 

13 24647 24370 24095 23821 23549 23279 23010 22743 22478 22214 21952 21691 3 

14 21433 21175 20919 20665 20412 20160 19910 19662 19415 19169 18925 18682 4 

15 1.18440 18200 17961 17723 17487 17252 17018 16786 16554 16324 16096 15868 7 

16 15642 15416 15192 14969 14748 14527 14307 14089 13872 13656 13440 13226 1 

17 13013 12801 12590 123S0 12172 11964 11757 11551 11346 11142 10939 10737 2 

18 10536 10236 10136 09938 09741 09544 09348 09154 08960 08767 08574 08383 3 

19 _0 8193 08003 07814 07626 07439 07253 07067 06883 06699 06515 06333 06161 4 

20 1.05970 05790 05611 05432 05254 05077 04901 04725 04550 04376 04202 04029 T 

21 03857 03686 03515 03345 03175 03006 02838 02671 02504 02338 02172102007 1 

22 01843 01679 01616 01354 01192 01030 00870 00710 00550 00392 00233 00076 2 

23 0.99918 99762 99606 99461;99296 99141 98988 98834 98682 98530 98378 98227 3 I 

2 4 98077 97927 »7777 97628 97480 97332 97184 97038 96891 96745 96600 96455 4 | 

25 0.96310 96167 96023 95880195738 95596 95451 95313 95172 95032 94892 94753 T~ 

26 94614 94476 94338 94200 91063 93927 93791 93655 93519 93385 93250 93116 11 

27 92982 92849 92716 92584 92452 92320 92189 92059 91928 91798 

28 91411 91282 91154 91027190899 90772 90646 90520 90394 90268 

29 89894 89771 89647 89524 89401 89278 89156 89034 88913 88792 

30 0.88430 88311 88191 88072 87953 87835 87717 87599 87481 87364 

31 87015 86899 86783 86668 86553 H643S 86321 86210 86096 85983 

32 85645 85532 85420 85309 85197 8508C 8497G 84865 84755 84645 

S3 84317 84208 84100 03992 83884 83776 03669 83561 83455 83348 

J14 83030 82924 82819 82714 82609 82505 82401 82297 82193 82089 

35 0.81780 81678 81576 81474 81372 81271 81169 81068 80968 80867 80767 80667 a 

36 80567 80467 80368 80269 80170 80071 79973 79875 79777 79679 79581 79484 1 

37 79387 79290 79193 79097 79001 78905 78809 78714 78618 78523 78428 78334 2 

38 78239 78145 78051 77957 77863 77770 77677 77584 77491 77398 77306 77214 3 

39 77122 77030 76938 76847 76756 76665 76574 76483 76393 76303 - 


40 0.76033 75944 75854 75765 75076 75588 75499 75411 75323 75235 75147 75059 s 

41 74972 74885 74798 74711 74624 74537 74451 74365 74279 74193 74108 74022 1 I 

42 73937 73852 73767 73682 73597 73513 73429 73345 73261 73177 73093 73010 2 | 

43 72927 72843 72761 72678 72595 72513 72430 72348 72266 72185 72103 72021 3 I 

44 71940 71859 71778 71G97 71616 71536 71456 71375 71295 71215 71136 71056 4 | 

0.70976 70897 70818 70739 70660 70581 70503 70424 70346 70268 70190 70U2 T~ 

70035 69957 69880 69802 69725 69648 69571 69495 69418 69342 69265 69189 I I 
69113 69038 68962 68886 68811 68735 68660 08585 G8510 68436 68361 68287 2 | 
68212 68138 G8064 67990 67916 67842 67769 07695 67622 67549 67476 67403 3 I 
67330 67257 6 7185 67112 67040 66968 6G89G G6824 66752 66681 G6609 66538 4 | 
0.66466 66395 66324 66253 06182 66112 66041 65971 65900 65830 65760 66690 7 
65620 65551 65481 65411 65342 65273 65204 65135 65066 64997 64928 64860 1 I 
64791 64723 64655 64587 64519 64451 64383 64315 64248 64180 64113 64046 2 | 
63979 63912 63845 63778 63711 63645 63578 63512 63445 63379 63313 63247 3 
63182 63116 63050 62985 G2919|62854 62789 62724 62659 62694 62529 62464 4 | 
0.62400 62335 62271 62207 62742 62078 62014 61950 61887 61823 61759 61696 J~ 
61633 61569 61506 61443 61380 61317 61254 61192 61129 61066 61004 60942 1 
60879 60817 60755 60693 60632 60570 60508 60447 60385 60324 60262 60201 2 
60140 00079 60018 59957 59897 59836 59775 59715 59655 >9594 59534 59474 3 
59414 59354 59294 59234 59175 59115 59056 58996 58937 58878 58818 58759 4 


JE 
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165 | 

To find the latitude by double altitudes 

, and the elapsed time. | 

HALF ELAPSED TIME. 

1 Hour. 

JU 0« 6* 10* 16* 20* 25* 30* 35* 

40* 45* 

50* 

55* 

Pro.pt*. 

0 0.58700 58042 58583 58524 58465 58407 58348 58290 

58232 58173 

58115 

58057 

s 


1 67999 57941 57884 57826 57768 57711 57653 57596 

57539 57481 

57424 

57367 

1 

11 

2 57310 57253 57196 57140 57083 5702G 56970 56914 

56857 56801 

56745 

56689 

2 

22 

3 56633 56577 5652 1 56465 50409 56354 56298 56243 

56187 56132 

56077 

56021 

3 

34 

4 55966 55911 55850 55801 55747 55692 55637 55583 

55528 55474 

55419 

55365 

4 

45 

5 0.55311 55257 55203 >5149 55095 55041 54987 54933 

54880 54826 

54773 

54719 

s 


6 54666 54613 54559 54500 54453 54400 54347 54294 

54242 54189 

54130 

54084 

1 

10 

7 64031 53979 53926 53674 53822 53770 53718 53660 

53614 53562 

53510 

53458 

2 

21 

8 53407 53355 53303 53252 53200 53149 53098 53047 

52995 52944 

52893 

52842 

| 

31 

9 52791 52741 52690 52039 52589 52538 52488 52437 

52387 52336 

52286 

52230 

4 

42 

10 0.52186 52130 52086 52036 51986 51930 51887 51837 

51787 51738 

51688 

51639 

8 


11 51589 51540 51491 51442 51393 51344 51295 51240 

51197 51148 

51099 

51050 

1 

10 

12 51002 50953 50905 50856 50808 50700 50711 50663 

50615 50567 

50519 

50471 

2 

19 

13 50423 50375 50327 >0279 50232 50184 50137 50069 

50042 49994 

49947 

49900 

3 

29 

14 49852 49805 49758 49711 49664 49617 49570 49523 

49477 49430 

49383 

49337 

4 

38 

15 0.49290 49244 49197 49151 49104 49058 49012 48966 

48920 48874 

48828 

48782 

s 


1G 46736 48690 48644 48599 48553 48507 48462 48416 

48371 48325 

48280 

48235 

1 

9 

17 48189 48144 48099 48054 18009 47964 47919 47874 

47829 17785 

47740 

47695 

2 

18 

18 47651 47606 47561 47517 47473 17428 47381 47340 

47295 47251 

47207 

17163 

3 

27 

19 47119 47075 47031 46987 46944 46900 46856 46812 

46769 46725 

46682 

46638 

4 

36 

20 0.46595 46552 46508 46465 46422 46379 46335 46292 

46249 46206 

46163 

46121 

8 


21 46078 46035 45992 15950 45907 45864 45822 45779 

45737 45694 

45652 

45610 

1 

8 

22 4556845525 45483 45441 45399 45357 45315 45273 

45231 45189 

45147 

15106 

2 

17 

23 45064 45022 4 4981 44939 4489844856 44815 44773 

44732 44691 

44650 

44608 

3 

25 

24 44567 44526 44485 44444 44403 44362 44321 44280 

44239 44199 

44158 

44117 

4 

34 

25 0.44077 44036 43996 43955 43915 43874 43834 43793 

43753 43713 

43673 

43633 

s 


26 43593 43552 43512 43472 43432 43393 43353 43313 

43273 43233 

43194 

43154 

1 

8 

27 43115 43075 13035 42996 42957 42917 42878 42836 

42799 12760 

42721 

42682 

2 

16 

28 42643 42603 42564 42525 42486 42448 42409 42370 

42331 42292 

42254 

42215 

3 

24 

29 42176 42138 42099 42061 42022 41984 41946 41907 

4186941831 

41792 

41754 

4 

32 

30 0.4171641678 41640 41602 4i56l 115204148641450 

41412141375 

41337 

41299 

s 


31 41261 41224 41186 41149 41111 41074 4103040999 

40961140924 

40887 

40849 

1 

7 

32 40812 40775 40738 40701 40664 40627 40590 40553 

40516(40479 

40442 

40405 

2 

15 

33 40369 40332 40295 10258 40222 40185 40149 40112 

40076|40039 

40003 

39966 

3 

22 

34 39930 39894 39858 39821 39785 39749 39713 39677 

39641(39605 

39569 

39533 

4 

30 

35 0.39497 39461 39425 39389 39354 39318 39282 39247 

39211(39176 

39140 

39104 

8 


36 39069 39033 38998 38962 38927 38892 38857 38821 

38786 38751 

38716 

38681 

1 

7 

37 38646 38611 38576 38541 38506 38471 38436 38401 

38366 38331 

38297 

38262 

2 

14 

38 38227 36193 38158 38124 38089 38055 38020 37986 

37951 37917 

37883 

37848 

3 

21 

39 37814 37780 37745 37711 37677 37643 37609 37575 

37541)37507 

37473 

37439 

4 

28 

40 0.37405 37371 37338 37304 37270 37236 37203 37169 

37135 37102 

37068 

37035 

8 


41 37001 36968 36934 36901 36867 36834 36801 36768 

36734 30701 

36668 

36635 

1 

7 

42 36602 36569 36535 36502 36469 30430 30404 30371 

36338 36305 

36272 

36239 

2 

13 

43 36207 36174 36141 36108 36076 36043 36011 35978 

35946 35913 

35881 

35848 

3 

20 

44 35816 35783 35751 35719 35687 35654 35622 35590 

35558 35526 

35494 

35162 

4 

26 

45 0.35429 35397 35365 35334 35302 35270 35238 35206 

35174 35142 

35111 

35079 

s 


46 35047 35016 34984 34952 34921 34889 34858 34826 

34795 34763 

34732 

34701 

1 

6 

47 34669 34038 34607 34575 34544 34513 34482 3445 J 

34420 34388 

34357 

34326 

2 

12 

48 34295134264 34233 34203 34172 34141 34110 34079 

34048 34018 

33987 

33956 

3 

19 

49 33925 33895 33864 33834 33803 33773 33742 33712 

33681 33651 

33620 

33590 

4 

25 

50 0 .33559 33529 33499 33409 33 438 33408 33378 33318 

33318 33288 

33257 

33227 

f 


51 33197 33167 33137 33107 33078 33048 33018 32988 

32958 32928 

32899 

32869 

1 

6 

52 32839 32809 32780 32750 32721 32691 32661 32632 

32602 32573 

32543 

32514 

2 

12 

53 3248532455 32426 32397 32367 32338 32309 32280 

32250 32221 

32192 

32163 

1 

18 

54 32131 32105 3207G 32047 32018 31989 31960 31931 

31902 31873 

31844 

31815 

4 

24 

55 0.31787131758 31729 31700 31672 31643 31614 31586 

31557 31529 

31500 

31471 

8 


56 31443,31414 31386 31358 31329 31301 31272 31214 

31216 31188 

31159 

31131 

1 

6 

57 31103 31075 31046 31018 30990 30962 30934 30906 

30878 30850 

30822 

30794 

2 

12 

68 30766 30738 307 1 0 30683 30655 30627 30599 3057 1 

30544 30516 

30488 

30461 

3 

17 

69 30433>30405 30378 30350 30323 30295 30268 30240 

30213 30185 

30158 

30130 

4 

23 







160 TABLE XXVII. 

To find the latitude by double altitudes, and the elapsed time. 

HALF ELAPSED TIME. 

2 Hours. 

M 0« 5* 10* 15' 20» 25* 30* 35 s 40 s 45 s 50* 55* Pro. p«* 

(T o73o7t)3 3007G 30048 30oTl 2y«JU4 2996 # 29939 29912 29885 29858 29831 29604 T 

1 2977G 29749 29722 29695 29668 29641 29614 29587 29561 29534 29507 29480 l| 5 

2 29453 29426 29400 29373 29346 29319 29293 29266 29239 29213 29186 29160 2 I 10 

3 29133 29107 29080 29054 29027 29001 2897 I 28948 28921 28895 28869 28842 3 I 16 

4 28816 28790 28764 28737 28711 28685 28659 28633 28607 28580 28554 28528 4 | 21 

T 0.28502 28476 28450 28 424 28398 28372 28347 28321 28295 2826928213 282IT 

6 28192 28166 28140 28114 28089 28063 28037 28012 27986 27960 27935 27 909 1 5 

7 27884 27858 27833 27807 27782 27756 27731 27706 27680 27655 27630 27604 2 10 

8 27579 27554 27529 27503 27478 27453 27428 27403 27378 27352 27327 27302 3 15 

9 27277 27252 27227 27202 27177 27152 27127 27103 27078 27053 27028 27003 4 30 

To’ 0.26978 26954 26929 26904 2687926855 26830 26805 26781 26756 26732 26707 T 

11 26682 26658 26G33 26609 2658 1 26560 26535 26511 26487 26462 2643b 26414 1 5 

12 26389 20365 26341 26316 26292 26268 26244 26210 26195)26171 26147 26123 2 10 

13 26099 26075 26051 26027 26003 25979 25955 25931 25907125883 25859 25835 3 14 

14 25811 25787 25763 25740 257 16 25692 25668 25645 25621 25597 2567 3 25650 4 \Q 

15~ 0.25526 25503 25479 25455 25432 25408 25385 25361 25338 25314 25291 252G7 T 

16 25244 25220 25197 25174 25150 25127 25104 25080 25057 25034 25011 24987 1 ft 

17 24964 24941 24918 24895 21872 24849 24825 24802 24779 24756 24733 24710 2 9 

18 24687 24661 24641 21618 24595 24573 24550 24527 24504 24481 24458 24436 3 14 

19 24413 24390 24367 21345 24322 24299 24277 24254 24231 24209 24186 24163 4 18 

I 20 9.24141 24118 24096 24073 24051 24028 24006 23983 23961 23939 23916 23894 ~a 

21 23872 23849 23827 23805 23782 23760 23738 23716 23693123671 23649 23627 11 4 

22 23605 23583 23560 23538 23516 23494 23472 23450 23428 23406 23384 23362 2 ' 9 

23 23310 23318 23296 23274 23253 23231 23209 23187 23165I23143 23122 231OO 3 I ]) 

21 23078 23056 23035 23013 22991 22970 22948 22926 22905 22883 22862 22840 4 118 | 

25~ 0.22819 22797 22776 22754 22733 22711 22690 22668 22647 22625 22604 22583 ~a 

26 22561 22540 22519 22497 22476 22455 22434 22412 22391 22370 22349 22328 1 4 

27 22306 22285 22264 22243 22222 22201 22180 22159 22138 22117 22096 22075 2 8 

28 22054 22033 22012 2199121970 21949 21928 21907 21887 21866 21845 21824 3 13 

29 21803 21783 21762 21741 21720 21700 21679 21658 21638 21617 21597 21576 4 17 

To“ 0.21555 21535 21514 21494 21473 21453 21432 21412 21391 21371 21350 21330 ~a 

31 21309 21289 21269 21248 2122b 21208 21187 21167 21147 21127 21106 21086 1 4 

32 21066 21046 21025 21005 20985 20965 20945 20925 20905 20885 20864 20844 2 8 

33 20824 20804 20784 20764 20744 20724 20704 20685 20665 20645 20625 20605 3 12 

34 20585 20565 20545 20526 20506 20486 20466 20446 20427 20407 20387 20368 4 16 

35~ 0.2034b 2032b 20309 20289 20269 20250 20230 20211 20191 20171 20152 20132 ~i 

36 20113 20093 20074 20054 20035 20016 19996 19977 19957 19938 19919 19899 1 4 

37 19880 19861 19841 19822 19803 19783 19764 19745 19726 19707 19687 19668 2 8 

38 19649 19630 19611 19592 19572 19553 19534 19515 19496 19477 19458 19439 3 II 

39 19420 19401 19382 19363 19344 19325 19306 19288 19269 19250 19231 19212 4 15 

40 0.19192 19174 19156 19137 19118 19099 19081 19062 19043 19024 19006 18987 “a 

41 18968 18950 18931 18913 18894 18875 18857 18838 18820 18801 18783 187G4 1 4 

42 18746 18727 18709 18690 18672 18653 18635 18617 18598 18580 18561 18543 2 7 

43 18525 18506 1848b 18470 18452 18433 18415 18397 18379 18360 18342 18324 3 11 

44 18306 18288 18269 18251 18233 18215 18197 18179 18161 18143 18125 18107 4 14 

15 0.18089 18071 18053 18035 18017 17999 17981 17963 17045 17927 17909 17891 ~a 

46 17874 17856 17838 17820 17802 17785 17767 17749 17731 17713 17696 17678 1 4 

47 17660 17643 17625 17607 17590 17672 17554 17537 17519 17502 17484 17467 2 7 

48 17449 17431 17414 17396 17379 17361 17344 17327 17309 17292 17274 17257 3 11 

19 17239 17222 17205 17187 17170 17153 17135 17118 17101 17083 17066 17049 4 14 

>0 0.17032 17011 16997 16980 16963 16946 16929 16911 16894 16877 16860 16843 T 

51 16826 16809 16792 16775 16758 16741 16724 16707 16690 16673 16656 16639 1 3 

52 16622 16605 1658b 16571 1G554 16537 16520 16503 16487 16470 16453 16436 2 7 

53 16419 16403 16380 16369 16352 16336 16319 16302 16285 16269 16252 16235 3 10 

54 16219 16202 16186 16169 16152 16136 16119 16103 L608G 16070 16053 16037 4 14 

55 0.16020 16001 15987 15971 15954 15938 15921 15905 15888 15872 15856 15839 1 

56 15823 15807 15790 15774 15758 15741 15725 15709 15692 15676 15660 15644 1 9 

57 15628 15G11 15595 15579 15563 15547 15531 15514 15498 15482 15466 15450 2 6 

58 i 15431 15418 15102 15386 15370 15354 15338 15322 15300 15290 15274 15258 3 10 

59 I 15242 15220 15210 15194 15178 15102 15147 15131 15115 15099 15083 15067 4 13 








TABLE XXVII. 167 

To find the latitude by double altitudes, and the elapsed time. 

HALF ELAPSED TIME. 

3 Hours. 


5* 

15036 

14847 

14660 

14475 

14291 

10» 

15020 

14832 

14645 

14460 

14276 

15* 

15004 

14816 

14629 

14444 

14261 

20* 

14988 

14800 

14614 

14429 

14246 

14109 

13929 

13750 

13573 

13397 

13223 

13050 

12878 

12709 

12540 

14094 

13914 

13735 

13558 

13382 

13208 

13035 

12864 

12695 

12527 

14079 

13899 

13720 

13543 

13368 

13194 

13021 

12850 

12681 

12513 

14064 

13884 

13705 

13528 

13353 

13179 

13007 

12836 

12667 

12499 

12374 

12208 

12044 

11882 

11721 

12360 

12195 

12031 

11869 

11708 

12346 
12181 
12017 
11855 
11694 

12332 

12167 

12004 

11842 

11681 

11561 

11403 

11246 

11091 

10937 

11548 

11390 

11233 

11078 

10924 

11535 

11377 

11220 

11065 

10911 

11522 

11364 

11207 

11052 

10899 

10784 

10633 

10483 

10335 

10187 

10772 

10621 

10471 

10322 

10175 

10759 

10608 

10458 

10310 

10163 

10746 

10595 

10446 

10298 

10151 

10041 

09897 

09753 

09611 

09471 

10029 

09885 

09741 

09599 

09459 

10017 
09873 
097 30 
09588 
09447 

10005 < 
09861 1 
097181 
095761 
09436 < 

09331 

09193 

09056 

08920 

U8780 

09319 

09181 

09015 

08909 

08775 

09308 

09170 

09033 

08898 

08763 

09296i 
09158i 

09022i 
08886' 

08752 < 

08653 

08521 

08390 

08200 

>08132 

08612 

08510 

08379 

08250 

08121 

08630 

08499 

08368 

08239 

08111 

08619 < 
08488 
08357 

08228 

08100 

1 08005 
► 07879 
,07754 
07631 

1 07508 

07994 

078691 

077441 

076201 

07498 

07984 

07858 

07734 

07610 

07488 

07973 

07848 

07723 

07600 

07478 

07387 

07267 

i 07148 

I 07030 
06914 

07377 

07257 

07138 

07021 

06901 

07367 

07247 

07128 

07011 

06894 

07357 

07237 

07119 

07001 

06885 

> 06798 
06684 
06571 
>06459 
06348 

06789 

06675 

06561 

06449 

06339 

06779 

06665 

06552 

06140 

06329 

06770 
06656 
06543 
06431 
06320i 


14004 13989 13974 13959 
13824 13809 13795 13780 
13646 13632 13617 13602 
13470 13455 13441 13426 
13295 13280 13266 13251 
13122 13107 13093 13078 " 
12950 12935 12921 12907 
12779 12765 12751 12737 
12610 12596 12582 12568 
12443 12429 12115 12401 
12277 72263 12256 7*2236 
12113 12099 12085 12072 
11950 11936 11922 11909 
11788 11775 11761 11748 
11628 11614 11601 11588 


11509(11495 I 
11351111338 I 
11194111182 1 
11040 11027 I 
10886 10873 I 
70734 10721 1 
10583 10570 I 
10433 10421 1 
10285 *0273 1 


11482 11469 11456 11443 11429 
11325 11312 11299 11286 11272 
11169 11156 11143 11130 11117 
11014 11001 10988 10975 10963 
10861 10848 10835 10822 10810 
10709 10696 10683 10671 10658 ' 
10558 10545 10533 10520 10508 
10409 10396 10381 10372 10359 
10261 10248 10236 10224 10212 
10114 10102 10090 10078 10066 


07963 07952 
07837 07827 
07713 07703 
07590 07580 
07468 07458 
07347 07337 
07227 07217 
07109 07099 
06991 06982 
06875 06866! 


07942 07931 
07816 07806 
07092 07682 
07569 07559 
07448 07437 
07327 07317 
07207 07198 
07089 07079 
06972 06962 
0685606846 


07921 07910 07900 
07796 07785 07775 
07672 07661 07651 
07549 07539 07529 
07427 07417 07407 
07307 07297 07287 * 
07188 07178 07168 
07070 07060 07050 
06953 06943 06933 
06837 06827:06818 







168 TABLE XXVII. 

To find the latitude by double altitudes, and the elapsed time. 

HALF ELAPSED TIME. 





06705 05096 05688 05679 05670 05662 05653 05645 05636 05627 05619 s 
05602 05593 05585 05576 05567 05559 05550 05542 05533 05525 05516 1 I 2 
05499 05491 05482 05474 05466 05457 05449 05140 05432 054234)5415 2 | 4 
05398 05390 05381 05373 05365 05356 05348 05340 05331 05323 05315 3 15 
05298 05290 05281 05273 05205 05257 05248 05240 05232 05224 05215 4 | 7 

05199 05191 05183 05174 05166 05158 05150 05142 05133 05125 05117 

05093 05085 05077 05068 05060 05052 05044 05036 05028 05020 1 2 
05001 01996 01988 04980 04972 04964 04956 04948 04940 04932 04024 2 3 
04908 01900 01892 01884 01876 01868 04860 04852 04845 04H37 04829, 3 5 
04813 04805 04797 01790 04782 04774 04766 04758 04750 04743 04735 4 6 


04719 04711 04704 04096 04688 04680 04673 04665 01657 04649 04642 s 
04626 04619 04611 016o3 04596 04588 04580 04573 04565 04557 045501 1 
01535 04527 01519 04512 04504 04497 04489 04181 04474 04466 04459! 2 
04444 04436 04429 04 121 04411 04406 04399 04391 04384 0437G 04369 3 
1354 04346 04339 04332 04324 04317 04309 04302 04295 04287 042S0 4 


20 0.04272 04265104258 04250 04243 04236 04228 04221 04214 0420604199 04192i » 

21 04185 04177 0417004163 041560414804141 04134 041270411904112 04105' 1 1 

22 04098 04091 04083 04076 04069 04062 04055 04048 04040 04033 01026 04019 2 3 

23 04012 04005 03998 03991 03984 03976 03969 03962 03955 03948 03941 03934 3 4 

21 03927 03920 03913 03906 03899 03892 03885 03878 03871 03864 03857 03S50 4 6 

~25~ 0.03813 03836 (T3829 03822 03815 03809 03802 03795 03788 03781 03774 03767 "a 

26 03760 03753 03747 03740 03733 03726 03719 03712 03706 03699 03692 03685 1 1 

27 03678 03672 03665 03658 03651 03645 03638 03631 03624 03618 03611 03604 2 3 

28 03597 03591 03584 03577 03571 03561 03557 03551 03544 0353? 03531 03524 3 4 

29 03517 03511 03504 03498 03491 03484 03478 03471 03465 03458 03452 03445 4 6 

30 0.03439 03432 03425 03419 0341203406 03399 03393 03386 03380 03373 03367 ~8 

31 03361 03354 03348 03311 03335 03328 03322 03315 03309 03303 03296 03290 1 I l 

32 03283 03277 03271 03261 03258 03252 03245 03239 03233 03226 03220 03214 2'2 

33 03207 03201 03195 03189 03182 03176 03170 03163 03157 03151 03145 03138 3 I 4 

34 03132 03126 03120 03114 03107 03101 03095 03089 03083 03077 03070 03064 4|5 

35 0.03058 03052 03046 03040 03034 03027 03021 03015 03009 03003 02997 02991 "s 

36 02985 02979 02973 02967 02961 02955 02949 02943 02937 02931 02925 02919 1 1 

37 02913 02907 02901 02895 02889 02883 02877 02871 02865 02859 02853 02847 2 2 

38 02841 02835 02829 02824 02818 02812 02806 02800 02794 02788 02783 02777 3 4 

39 02771 02765 02759 02753 02748 02742 02736 02730 02725 02719 02713 02707 4 5 

40 0.02701 02696 02690 02684 02679 02673 02667 02661 02656 02650 02644 02639 ~~s 

41 02633 02627 02622 02616 02610 02605 02599 02593 02588 02582 02577 02571 1 ] 1 

42 02505 02560 02554 02549 02543 02538 02532 02526 02521 02515 02510 02504 2 | 2 

43 02499 02493 02488 02482 02477 02471 02466 02460 02455 02449 02444 02438 3 3 

44 02433 02428 02422 02417 02411 02406 02401 02395 02390 02384 0237 9 02374 4 | 4 


45 0.02368 

46 02304 

47 02241 

48 02179 

49 02118 
"50 uT02058 

51 01999 

52 01940 

53 01883 

54 01826 


02363 02358 
02299 02291 
02236 02231 
02171 0t!09 
02113 02108 
02053 02048 
01994 01989 
01936 01931 
01878 01873 
01822 01817 


02352 02347 023421 
02289 02283 02278 
02226 02221 02215 
02104 02159 02I54 1 
02103 02098 020931 
02043 02038 02033 
01984 01979 01974 
01926 01921 01916 
01869 01864 01859 
01812 01808 01803 


02336 02331 
02273 02268 
02210 02205 
02149 021 II 
02088 02083 

02028 02023 
01970 01965 
01912 01907 
01855 01850 
01798 01794 


0232C 02320 
0226202257 
0220002195 
02139 02134 
02078 02073 
02018 02014 
01960 01955 
0190201897 
0184501840 
0178901785 


02315 02310 
02252102247 
02190 021S5 
02128 02123 
02068,02063 
02009(02004 " 
01950 01915 
01892 01888 
01836|01831 
0178001775 


55 0.01771 0176601761 01757 01752 01748 01743 01739 01734 01730 01725 01720 s 

56 01716 01711 01707 01702 01698 01693 01689 01684 01680 01675 01671 01666 1 

57 01662 01658 01653 01649 01644 01640 01635 01631 01627 01622 01618 01613 2 

58 01609 01605 01600 01596 01592 01587 01583 01578 01574 01570 01566 01561 3 

59 01557 01553 01548 01544 01540 01535 01531 01527 01523 01518 01514 01510 4 






































TABLE XXVII. 169 

To find the latitude by double altitudes, and the elapsed time, 
half elapsed time. 

5 Hours. 

"m 0* 5* 10* 15* 20* 25* 30" 35* 40* 45* 50* 55* (pro. pt», 

I" 0.01506 01501 01497 01493 ol489 01485 01480 01476 01472 0146b 01464 0U00 ~S 

1 01455 01451 01447 0 1 44 3 01439 01435 01431 01426 0142 2 01418 01414 01410 1 l 

2 01406 01402 0139b 01391 01390 01386 01382 01377 01373 013G9 01365 01361 2 2 

3 01357 01353 0134901345 01341 01337 01333 01329 01325 01321 01318 01314 3 2 

4 01310 01306 01302 01298 01294 01290 01286 01282 01278 01274 01271 01267 4 3 

5~ 0.01263 01259 01255 01251 01247 01244 01210 01236 01232 01228 01224 01221 1 

6 01217 01213 0J209 01206 01202 01198 01194 01191 01187 01183 0117901176 1 1 

7 01172011680116401161 01157 01153011500114601142011390113501131 2 2 

8 01128 01124 01120 01117 01113 01110 01106 01102 01099 01095 01092 01088 3 2 

9 01084 01081 01077 01074 01070 01067 01063 01059 01056 01052 01049 01045 4 3 

IT 0.01042 01038 01035 01031 01028 01024 01021 01018 01014 01011 01007 01004 1 

11 01000 00997 00993 00990 00987 00983 00980 00976 00973 00970 00966 00963 1 1 

12 00960 00956 00953 00956 00946 00943 00940 00936 00933 00930 00926 00923 2 1 

13 00920 00916 00913 00910 00907 00903 00900 00897 00894 00890 00887 00884 3 2 

14 00881 00878 00874 00871 00868 00865 00862 00858 00855 00852 00849 00846 4 2 

IT o7o0843 00840 00836 00833 00830 00827 00824 00821 00818 00815 00812 00808 1 

16 00805 00802 00799 00796 00793 00790 00787 00784 00781 00778 00775 00772 1 1 

17 00769 00766 00763 00760 00757 00754 00751 00748 00745 00742 00739 00736 2 1 

18 00733 00731 00728 00725 00722 00719 00716 00713 00710 00707 00704 00702 3 2 

19 00699 00696 00693 00690 00687 00685 00682 00679 00676 00673 00670 00668 4 2 

"20~ 0.00665 00662 00659 00G57 00654 00651 00648 00646 00643 00640 00037 00635 “s 

21 00632 00629 00627 00621 00621 00618 00616 00613 00610 00608 00605 00602 1 I I 

22 00600 00597 00595 00592 00589 00587 00584 00581 00579 00576 00574 00571 2 | 1 

23 00568 00566 00563 00561 00558 00556 00553 00551 00548 00546 00543 00541 3 2 

24 00538 00536 00533 00531 00528 00526 00523 00521 00518 00516 00513 00511 4 | 2 

25~ 0.00508 00506 00501 00501 00499 00496 00494 00492 00489 00487 00484 00482 “s 

26 00480 00477 00475 00173 00470 00468 00466 00463 00461 00459 00456 00454 1 0 

27 00452 00450 00447 00445 00413 00440 00138 00436 00434 00431 0042900427 2 1 

28 00125 00423 00420 00418 00416 00414 00412 00409 00107 00105 00403 00401 3 l 

29 00399 00396 00394 00392 00390 00388 00386 00384 00382 00379 00377 00375 4 2 

W 0.00373 00371 00369 00367 00365 00363 00361 00359 00357 00355 00353 00351 ~h 

31 00349 00347 00345 00343 00341 00339 00337 00335 00333 00331 00329 00327 1 0 

32 00325 00323 00321 00319 00317 00315 00313 00312 00310 00308 00306 00304 2 1 

33 00302 00300 00298 00297 00295 00293 00291 00289 00287 00286 00284 00282 3 1 

34 00280 00278 00277 00275|00273 00271 00269 00267 00266 00264 00202 00261 4 2 

l5~ 0T00259 00257 00256 00254,00252 00250 00249 00217 00245 00244 00242 00240 ~s 

36 00239 00237 00235 00234 00232 00230 00229 00227 00226 00224 00222 00221 1 0 

37 00219 00218 00216 00214 00213 00211 00210 00208 00207 00205 00204 00202 2 1 

38 00200 00199 00197 00196 00194 00193 00191 00190 00188 00187 00186 00184 3 1 

39 00183 00181 00180 00178 00177 00176 00174 00173 00171 00170 00168 00167 4 2 

40 0.00166 00164 00163 00162 00160 00159 00157 00156 00155 00153 00l52 00151 ~s 

41 00149 00148 00147 00146 00144 00143 00142 00140 00139 00138 00137 00135 1 0 

42 00134 00133 00132 00130 00129 00128 00127 00126 00124 00123 00122 00121 2 0 

43 00120 00118 00117 0011600115 00114 00113 00112 00110 00109 00108 00107 3 1 

44 00106 00105 00104 00103 00102 00101 00099 00098 00097 00096 00095 00094 4 l 

45 0.00093 00092 00091 00090 00089 00088 00087 00086 00085 00084 00083 00082 s 

46 00081 00080 00079 00078 00077 00076 00075 00075 00074 00073 00072 00071 1 0 

47 00070 00069 00068 00067 00066 00066 00065 00064 00063 00062 00061 00060 2 0 

48 00060 00059 00058 00057 00056 00056 00055 00054 00053 00052 00052 00051 3 1 

49 00050 00049 00049 00048 00047 00046 00046 00045 00044 00044 00043 00042 4 1 

50 <M>004l 00041 00040 00039 00039 00038 00037 00037 00036 00035 00035 00034 s 

51 00034 00033 00032 00032 00031 00031 00030 00029 00029 00028 0002b 00027 1 0 

52 00027 00026 00025 00025 00024 00024 00023 00023 00022 00022 00021 00021 2 0 

53 00020 00020 00019 00019 00018 00018 00017 00017 00016 00016 00016 00015 3 0 

54 00015 00015 00014 00014 00013 00013 00013 00012 00012 00011 00011 00011 4 1 

55 0.00010 00010 00010 00009 00009 00009 00008 00008 00008 00008 00007 00007 s 

56 00007 00006 00006 00006 00006 00005 00005 00005 00005 00004 00004 00004 1 0 

67 00004 00004 00003 00003 00003 00003 00003 00002 00002 00002 00002 00002 2 0 

58 00002 00002 00001 00001 00001 00001 00001 00001 00001 00001 00001 00001 3 0 

59 00000 00000 ooooo ooooo ooooolooooo 00000 00000 00000 00000 00000 00000 4 1 















170 TABLE XXVIII. 

To find the latitude by double altitudes, and the elapsed time. 

MIDDLE TIME. 

0 Hour. I 

M | 0* 6' 10* 15* 20* 25* 30* 35* 40* 45* 50* 55* rro.pta 

- 0",2T00000 80107 16270 33870 46373 56064 63982 70676 76476 81591 86167 90306 

1 f 94085 97561 00779 03776 06578 09211 11694 14042 16269 18388 20408 22339 

2 3.24187 25960 27663 29302 30882 32406 3387b 35302 36681 38017 39313 40572 

3 41796 42986 44144 45272 46371 47443 48490 49512 50510 51486 52440 53374 

4 I 54289 55184 56061 >6921 57764 58592 59403 60200 60982 61751 62506 63249 

5~ 3.6397 * 6169t> 65402 66097 66781 67454 68117 68770 69413 70047 70672 71288 ~ 

6 71895 72494 73085 73667 74242 74810 75370 75923 70469 77009 77542 78068 

7 78588 79102 79609 80111 80607 81098 81583 82063 82537 83007 83471 83930 

8 8*1385 84835 85280 85721 86157 86589 87017 87440 87860 88275 88686 *9094 

9 89498 89898 90294 90687 91076 91462 91845 92224 92600 92972 93341 93708 

To" 3794071 94431|94788 95143 95494 95843 96188 96532 96872 97210 97546 97877 7 

11 £ 98207 98535 98860 99183 99503 99821 00130 00450 00761 01070 01376 016S1 1 I 60 

12 4.01983 02283 02581 02878 03172 03464 03751 04043 04329 04613 04896 05177 2 1120 

13 05456 05733 06008 06282 06554 06824 07093 07360 07626 07889 08151 08412 3 180, 

14 08671 08928 09184 09438 09691 09943 10193 10441 10688 10934 1117b 11421 4 12A0l 

73” T7l 1663 11903 12142 12380 12616 12851 13085 13317 13549 13777) 14007 14235 

16 14461 14687 14911 15134 15356 15576 15796 16014 16231 16448 16663 16677 11 421 

17 17090 17302 17513 17723 17932 18139 18346 18552 18757 18962 19164 19366 2 | 84 

18 19567 19768 19967 20165 20363 20559 20755 20950 21143 21336 21529 21720 3 ljol 

19 21910 22100 22289 22477 22664 22850 23036 23221 23404 23588 23770 23952 4 I 16K 

20~4.24133 24313 24492 24671 24849 25026 25202 25378 25553 25727 25901 26074 

21 26246 26417 26588 26758 26928 27097 27265 27432 27599 27765 27931 28096 1 I 32 

22 28260 28424 28587 28750 28911 29073 29233 29393 29553 29712 29870 30028 2 | 65 

23 3018530341 30497 3065330807 30962311153126931421 31573 31725 31876 31 97 

24 32026 32176 32326 32475 32623 32771 32919 33066 33212 33358 33503 33648 4 I ISO 

25” iTIsToi 33937 34080 34223 34365 34508 34649 34790 34931 35071 35211 35350 ”s 

26 35489 35627 35765 35903 36040 36176 36313 36448 36584 36719 36853 36987 1 

27 37121 37254 37387 37519 37651 37783 37914 38015 38175 38305 38434 38564 2 53 

28 38692 38821 38949 39077 39204 39331 39457 39583 39709 39835 39960 40084 3 79 

29 40209403334045640579407024082540947 410694119041311 4143241553 4 Ilk 

SO” 4.41673 41793 41912 42031 42150 42268 42386 42504 42622 42739 42856 42972 “» 

SI 43088 43204 43320 43435 43550 43665 43779 43893 44007 44120 44233 44346 11 23 

32 44459 44571 44683 44794 44906 45017 45127 45238 45348 45458 45568 45677 21 44 

33 45786 45895 46003 16111 46219 46327 46434 46542 46648 46755 46861 469G7 3 I 6; 

34 47073 47179 47284 47389 47494 47598 47702 47807 47910 48014 48117 48220 4| 89 

35” 4.48323 48425 48527 18629 48731 48833 48934 49035 49136 49236 49336 49436 ~a 

36 49536 49636 49735 49834 49933 50032 50130 50229 50326 50424 50522 50619 II IV 

37 50716 50813 50910 51006 51102 51198 51294 51389 51485 51580 51675 51769 2 3* 

38 51864 51958 52052 52146 52240 52333 52426 52519 52612 52705 52797 52889 3 [ 57 

39 52981 53073 53165 53256 53347 53438 53529 53620 53710 53801 53891 53980 4 | 77 


.54070 54160 54249 5433b 
55131 55219 55306 55392 
56166 56251 56336 56421 
57176 57260 57343 57425 
68163 58244 58325 58406 
759127 59206 59285 59364 
60069 60146 60223 60301 
609906106661141 61217 
61891 61965 G2039 62113 
62773 62846 62918 62991 


54427 54515 r 
55479 55566 
56506 56590 
57508 57590 l 
58487 58567 l 
59T73 59522 c 
60378 60455 ( 
61292 61368 ( 
62187 62261 ( 
63063 63135 ( 


I 54692 54780 
i 55738 55824 
156759 56842 
\ 57755 57837 
*58728 58808 
) 59679 59757 
i 60608 60685 
I 61518 61593 
I 62408 62481 
r 63279 63351 


54868 54956 
55910 55996 
56926 57010 
67918 58000 
58888 58967 
59835 59913 
G0761 60838 
61667 61742 
62554 62627 
63422 63494 


55044 s 
56081 11 17 
57093 2 34 

58082 3 51 


(59991 a 
60914 1 15 

61817 2 30 

62700 3 45 

63565 4 60 


50 4.63637 63708 63779 03850 63921 63991 64062 64132 64203 64273 64343 64413 

51 64483 64553 64622 64692 04761 64830 64899 64968 65037 65106165175 65243 

52 65312 65380 65448 65517 65584 65652 65720 65788 65855 65923i65990 66057 

53 66125 66192 66258 66325 66392 66458 66525 66591 66658 66724 66790 66856 

54 66922 66987 67053 67118 67184 67249 67314 67379 67444 67509 67574 67639 

~55~ 4.67703 67768 67832 67897 67961 68025 68089 68153 68216 68280 68344 68407 " 

56 68471 68534 68597 68600 68723 68786 68849 68912 08974 G9037 69099 69161 

57 69224 69286 69348 69410 69472 69533 69595 69657 69718 69779 69841 69902 

58 69903 70024 70085 70140 70206 70267 70328 70388 70449 70509 70569 70629 

59 70689 70749|70809 70869 70928 70988 71047 71107 71166 71225 71285 71344 









172 TABLE XXVIII. 

To find the latitude by double altitudes, and the elapsed time. 


MIDDLE TIME. 
2 Hours. 


5.00000 00027 
00327 00354 
00650 00677 
00970 00997 

_01287 01313 

' iToiGOl 01627 
01912 01937 
02219 02245 
02524 02549 
02820 02851 


10* 15* 20* 25* 90* 35* 40 1 45* 50* 55* I 

00055 00082 00109 00137 00161 00191 00218 00245 00272 00300 ' 
00381 00108 00135 00162 00189 00516 00542 00569 00596 00623 
00703 00730 00757 00781 00810 00837 00864 00890 00917 00943 
01023 01050 0107601103 01129 01155 01182 01208 01234 01261 
01339 01366 01392 01418 01414 01470 01496 01523 01549 01575 
01653 01679 01705 0l73 J 01757 01782 01808 01831 01860 01886 
01963 01989 02014 02040 02066 02091 02117 02143 02168 02194 
02270 02296 02321 02347 02372 02397 02423 02448 02473 02499 
02574 02600 02625 02650 02675 02700 02725 02751 02776 02801 
02876 02901 02926 02951 02976 03001 03025 03050 03075 03100 


I Pro. pts. 


10 5.03125 03149 03174 03199 03221 03248 03273 

11 03421 03415 03470 03494 03519 03513 03568 

12 03714 03738 03762 03787 03811 03835 03859 

13 04004 04028 04052 04077 04100 04125 04148 

14 04292 04316 04340 04363 04387 04411 04435 

15 5.04577 04601 04624 o7618 01677 04695 04718 

16 04859 04883 04906 04929 04953 04976 04999 

17 05139 05162 05185 05208 05231 05255 05278 

18 05416 05439 05462 05485 05508 05531 05553 

19 05690 05713 05736 05758 05781 05804 05827 


03298 03322 03347 03372 1 
03592 03616 03641 03665 ' 
03884 03908 03932 03956 < 
04172 04196 04220 04244 ' 
04459 04482 04506 04530 < 
04742 04765 04789 04812 < 
05023 05046*05069 05092 < 
05301 05324 05347 05370 < 
05576 05599 05622 05645 < 
05849 05872 05894 05917 < 


03396 s 
03690 1 5 

03980 2 10 
04268 3 14 
04553 4 19 
^)4836 ~s 
05116 1 5 

05393 2 9 

05668 3 14 
05940 4 18 


.05962 05985 06007 06030 06052 06075 06097 06120 06142 06164 06187 06209 s 
06232 06254106276 06299 06321 06343 06365 06388 06410 06432 06454 06476 1 
06498 06521 06543 06505 06587 06609 06631 06653 06675 06697 06719 06741 2 
06763 06785 06807 06829 06850 06872 06894 06916 06938 06960 06981 07003 3 
07025 07047 07068 07090 07112 07133 07155 07176 07198 07220 07241 07263 4 
To7281 07306 07328 07349 07371 07392 074 13 07735 07456 07478 07499 07520 T~ 
07542 07563 07584 07606 07627 07648 07670 07691 07712 07733 07754 07776 1 
07797 07818 07839 07860 07881 07902 07923 07944 07965 07986 08007 08028 2 
08049 08070 08091 08112 08133 08154 08175 08196 08210 08237 08258 08279 3 
08300 08320 08341 08362 08383 08403 08421 08445 08465 08486 08507 08527 4 
7 o8548 08568 08589 08609 08630 08650 08671 0*691 08712 08732 08753 08773 "T" 
08791 08814 08834 08855 08875 08895 08916 08936 08956 08977 08997 09017 1 
09037 09057 09078 09098 09118 09138 09158 09178 09198 09219 09239 09259 2 
09279 09299 09319 09339 09359 09379 09399 09119 09138 09458 09478 09498 3 
09518 09538 09558 09577 09597 09617 09637 09657 09676 09696 09716 09735 4 


35 5.09755 09775 09794 09814 09834 09853 09873 ( 
30 09900 10010 10029 10049 10068 10088 10107 I 

37 10223 10243 10262 10281 10300 10320 10339 I 

38 10454 10473 10492 10512 10531 10550 10569 I 

39 10683 10702 10721 10740 10759 10778 10797 I 

lo” 5710910 10929 10947 10966 10985 11004 11022 

41 11135 11153 11172 11190 11209 11228 11246 

42 11357 11376 11394 11413 11431 11450 11468 

43 11578 11597 11615 11633 11652 11670 11688 

44 11797 11815 11834 11852 11870 11888 11906 

45 5.12014 12032 12050 12068 12086 12101 12122 

46 12229 12247 12265 12283 12301 12319 12336 

47 12443 12460 12478 12496 12513 12531 12549 

48 12654 12672 12689 12707 12724 12742 12759 

49 12864 12881 12898 12916 12933 12950 12968 

50 5.13071 13089 13106 L3123 13140 13157 13175 

51 13277 13294 13311 13228 13345 13363 13380 

52 13481 13498 13515 L3532 13549 13566 13583 

53 13684 13700 13717 13734 13751 13767 13784 

54 13881 13901 13917 13934 13951 13967 13984 

55 5714083 11100 14116 14133 14149 14165 14182 

56 14280 11297 14313 14329 14345 14362 14378 

57 14476 14492 14508 14524 14540 1455G 14573 

58 14669 14685 14701 14717 14733 14749 14765 

I 59 14861 14877 14893 14909 14925 14941 14957 


09893 09912 09932 09951 09971 s 
10126 10146 10165 10184 10204 1 4 

1035810377 10397 10416 10435 2 8 

10588 10607 10626 10645 1 06 6 4 3 11 
10816 10834 10853 10872 10891 4 15 
11041 11060 11079 11097 11116 “s 
11265 11283 11302 11320 11339 II 4 
11487 11505 11523 11542 11560 2) 7 
11700 11725 11743 11761 11779 3111 
11024 11942 11960 11978 11996 4 114 
12140 12158 12176 12194 12212 ~B 
12354 12372 12390 12407 12425 1 4 

12566 12584 12601 12619 12637 2 7 

12777 12794 12811 12829 12846 3 11 
12985 13002 13020 13037 13054 4 14 
13192 13209 13226 13243 13260 s 
13397 13413 13431 13447 13464 1 3 

13600 13616 13633 13650 13667 2 7 

13801 13818 13834 13851 13868 3 10 
14000 14017 14034 14050 14067 4 14 
14198 14215 11231 14247 14264 s 
14394 14411 14427 14443 14459 1 3 

14589 11605 14621 14637 14653 2 6 

11781 14797 14813 14829 14845 3 10 
14972 14988 15004 15020 15036 4 13 







TABLE XXVIII, 173 

To find the latitude by double altitudes, and the elapsed time. 

MIDDLE TIME. 

3 Hours. 

M 

0* 

6* 

10* 

16* 

20* 

25* 

30* 

35« 

40* 

45* 

50* 

55* 

JPro.pl 

0 

5.15051 

15067 

15083 

15099 

15115 

15130 

15140 

15162 

15177 

15193 

15205 

15225 

8 


1 

15240 

15256 

15271 

15287 

15303 

15318 

15334 

15350 

15365 

15381 

15391 

15412 

1 

1 3 

2 

15427 

15443 

15458 

15474 

15489 

15505 

15520 

15536 

15551 

155GC 

15582 

15597 

2 

1 o 

3 

15613 

15628 

15643 

15659 

15674 

15689 

15705 

15720 

15735 

15751 

15766 

15781 

3 

110 

4 

,15796 

15812 

15827 

15842 

15857 

15873 

15888 

15903 

15918 

15933 

15948 

15964 

4 

1 13 

S 

5.15979 

15994 

16009 

16024 

16039 

16054 

16069 

16084 

16099 

16114 

16121; 

16144 

8 


6 

16159 

16174 

16189 

16204 

16219 

16234 

16249 

16264 

16279 

16294 

16300 

16323 

l 

1 3 

7 

16338 

16353 

16368 

16383 

16398 

16412 

16427 

16442 

16457 

16472 

16486 

16501 

2 

1 G 

8 

16516 

16531 

16545 

16560 

16575 

16589 

16604 

16619 

16633 

16648 

16662 

16677 

3 

9 

9 

16692 

16706 

16721 

16735 

16750 

16765 

16779 

16794 

16808 

16823 

16837 

16852 

4 

1 12 

10 

5.16866 

16881 

16895 

16909 

16924 

16938 

16953 

16967 

16982 

16996 

17010 

17025 

3 


11 

17039 

17053 

17068 

17082 

17096 

17111 

17125 

17139 

17153 

1716S 

17182 

17196 

1 

1 3 

12 

17210 

17225 

17239 

17253 

17267 

17281 

17295 

17310 

17324 

17338 

17352 

17366 

2 

1 G 

13 

17380 

17391 

17408 

17423 

17437 

17451 

17465 

17479 

17493 

17507 

17521 

17535 

3 

1 8 

14 

17549 

17563 

17577 

17591 

17604 

17618 

17632 

17646 

17660 

17674 

17688 

17702 

4 

111 

15 

5.17716 

17729 

17743 

17757 

17771 

17785 

17798 

1781*2 

17826117840 

17854 

17867 

8 


16 

17881 

17895 

17908 

17922 

17936 

17950 

17963 

17977 

17990(18004 

18018 

18031 

1 

3 

17 

18045 

18059 

18072 

18086 

18099 

18113 

18126 

18140 

18154(18167 

18181 

18191 

2 

6 

18 

18208 

18221 

18235 

18248 

18261 

18275 

18288 

18302 

18315 

18329 

18342 

18355 

3 

8 

19 

18369 

18382 

18395 

18409 

18422 

18435 

18449 

18462 

18175118189 

19502 

18515 

4 

10 

20 

5.18528 

18542 

18555 

18568 

18581 

18595 

18608 

18621 

I8634< 18647 

18660 

18674 

8 


21 

18687 

18700 

18713 

18726 

18739 

18752 

18765 

18778 

18791118805 

18818 

18831 

1 

3 

22 

18814 

18857 

18870 

18883 

18896 

18909 

18922 

18935 

18947 

18960 

16973 

18986 

2 

5 

23 

18999 

19012 

19025 

19038 

19051 

19064 

19076 

19089 

19102 

19115 

19128 

19141 

3 

8 

24 

19153 

19166 

19179 

19192 

19204 

19217 

19230 

19243 

19255 

19268 

19281 

19293 

4 

10 

25 

5.19306 

19319 

19331 

19344119357 

19369 

19382 

19395 

19407(19420 

19432 

19445 

8 


36 

19457 

19470 

19183 

19495119508 

19520 

19533 

19545 

19558119570 

19583 

19595 

1 

2 

27 

19607 

19G20 

19632 

19645119657 

19670 

19682 

19694 

19707 

19719 

19732 

19744 

2 

5 

28 

19756 

19769 

19781 

19793 

19805 

19818 

19830 

19842 

19855 

19867 

19879 

19891 

3 

7 

29 

19904 

19916 

19928 

19940 

19952 

19965 

19977 

19989 

20001 

20013 

20025 

20038 

4 

10 

30 

5.20050 

20062 

20074 

20086 

20098 

20110 

20122 

20134 

*20146 

20158 

20170 

20182 

s 


31 

20194 

20200 

20218 

20230 

20242 

20254 

20266 

20278 

20290 

20302 

2,i314 

20326 

1 

2 

32 

20338 

20350 

20362 

20374 

20385 

20397 

20409 

20421 

20433 

20415 

20456 

20468 

2 

5 

33 

20480 

20492 

20504 

20515 

20527 

20539 

20551 

20562 

20574 

20586 

20597 

20609 

3 

7 

34 

20621 

20633 

20644 

20656 

20668 

20679 

20691 

20702 

20714 

20726 

20737 

20749 

4 

10 

35 

5.20760 

20772 

20784 

20795 

20807 

20818 

20830 

20841 

20853 

20864 

20876 

20887 

8 


36 

20899 

20910 

20922 

20933 

20945 

20956 

20967 

20979 

20990 

21002 

21013 

21024 

1 

2 

37 

21036 

21047 

21059 

21070 

21081 

21093 

21101 

21115 

2112G 

21138 

21119 

21160 

2 

4 

38 

21172 

21183 

21194 

21205 

21217 

21228 

21239 

21250 

21261 

21273 

21284 

21295 

3 

7 

39 

21306 

21317 

21328 

21340 

21351 

21362 

21373 

21384 

21395 

21406 

21417 

21128 

4 

9 

10 

5.21439 

21451 

21462 

21473 

21484 

21495 

21506 

21517 

2152821539 

21550 

21561 

8 


11 

21572 

21583 

21593 

21604 

21615 

21626 

21637 

21648 

21659 

21670 

21681 

21692 

1 

2 

42 

21702 

21713 

21724 

21735 

21746 

21757 

21767 

21778 

21789 

21800 

21810 

21821 

2 

4 

43 

21832 

21813 

21853 

21864 

•21875 

21886 

21896 

21907 

21918 

21928 

21939 

21950 

3 

7 

44 

21960 

21971 

21982 

21992 

22003 

22014 

22024 

22034 

22045 

*22056 

22067 

22077 

4 

9 

45 

5.22088 

22098 

22109 

22119 

22130 

22140 

22151 

22161 

22172 

22182 

22193 

22203 

8 


46 

22214 

22224 

22235 

22245 

22255 

22266 

22276 

22287 

22297 

22307 

22318 

22328 


2 

47 

22338 

22349 

22359 

22370 

22380 

22390 

22400 

22411 

22421 

22431 

22442 

22452 

2 

4 

48 

22462 

22472 

22483 

22403 

22503 

22513 

22524 

22534 

22544 

22554 

22564 

22574 

3 | 

6 

19 

22585 

•22595 

22605 

22615 

22625 

22635 

22645 

22656 

22666 

22676 

22686 

22696 ) 

JJ 

8 

50 

5.22706 

22716 

22726 

22736 

22746 

22756 

2*2766 

22776 

22786 

22796 

22806 

22816 

8 


51 

22826 

22836 

22846 

22856 

22866 

22876 

22886 

22896 

22906 

•22915 

22925 

22935 

1 

2 

52 

22945 

22955 

22965 

22975 

22981 

•22991 

23001 

23014 

23024 

23034 

23043 

23053 

2 

4 

53 

23063 

23073 

23082 

23092 

23102 

*23112 

23121 

23131 

23111 

23151 

23160 

23170 

3 

6 

54 

23180 

23189 

23199 

23209 

23218 

23228 

23237 

23247 

23257 

23266 

23276 

23286 

4 

8 

55 

5.23295 

23305 

23314 

23324 

23333 

23343 

23352 

23362 

23372 

23381 

23391 

23400 

8 


56 

23410 

23419 

*23429 

23438 

23447 

23457 

2346G 

23476 

23485 

23495 

23504 

23514 

1 

2 

57 

23523 

23532 

23542 

23551 

23560 

23570 

23579 

23588 

23598 

23607 

23616 

23626 

2 

4 

58 

23635 

23644 

23651 

23663 

23672 

23681 

23691 

23700 

23709 

23718 

23728 

23737 

3 

6 
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TABLE XXVIII. 






n 

To find the latitude by double altitudes, and the elapsed time. 

MIDDLE TIME. 

4 Hours. 

M 

«• 

5- 

10* 

15* 

20* 

25* 

30* 

35* 

40* 

45* 

50* 

55» 

Pro. pt»,j 

0 

5.23856 23865 

23874 

23883 

23892 

23902 

23911 

2392C 

23929 

23938 

23947 

23956 

s 


I 

23965 23974 

23983 

23992 

21001 

24010 

24019 

24028 

24037 

24046 

24055 

24064 

1 

2 

2 

24073 24082 

24091 

24099 

24108 

24117 

24126 

24135 

24144 

24153 

24162 

24171 

2 

4 

3 

2117924188 

24197 

24206 

24215 

24224 

24232 

24241 

24250 

24259 

24267 

24276 

3 

5 

4 

24285 24294 

24302 

24311 

24320 

24329 

24337 

24346 

24355 

21363 

24372 

24381 

4 


i" 

5.24389 2439b 

21407 

24415 

24424 

24433 

24441 

24450 

24458 

24467 

24476 

24484 

s 


G 

24493 24501 

24510 

24519 

24527 

24536 

24544 

21553 

24561 

24570 

24578 

24567 

1 

2 

7 

24595 24604 

24612 

24621 

24029 

21638 

21646 

24654 

24663 

24671 

24680 

24688 

2 

4 

8 

24696 24705 

24713 

24722 

24730 

24738 

24747 

24755 

21763 

24772 

24780 

24788 

3 

5 

9 

24797 24805 

24813 

24822 

24830 

21838 

24846 

21855 

24863 

24871 

24879 

24888 

4 

7 

10 

5.2489624904 

24912 

24921 

24929 

24937 

24945 

24953 

24961 

24970 

21978 

24986 

9 


11 

21994 25002 

25010 

25018 

25026 

25035 

25043 

25051 

25059 

25067 

25075 

25083 

1 

12 

12 

25091 25099 

25107 

25115 

25123 

25131 

25139 

25147 

25155 

25163 

25171 

25179 

2 

Is 

13 

2518725195 

25203 

25211 

25219 

25227 

25235 

25243 

25251 

25259 

25266 

25274 

3 

15 

14 

2528225290 

25298 

25306 

25314 

25321 

25329 

25337 

25345 

25353 

25360 

2536S 

4 

16 

is’ 

5.25376 25384 

25392 

25399 

25107 

25415 

25423 

25430 

25438 

25446 

25454 

25461 

a 


lCi 

25169|25477 

25484 

25492 

25500 

25507 

25515 

25523 

25530 

25538 

25546 

25553 

1 

2 

17 

255G1 25569 

25576 

25584 

25591 

25599 

25607 

25614 

25622 

25629 

25637 

25644 

2 

3 

18 

2565225659 

25667 

25674 

25682 

25689 

25697 

25704 

25712 

25719 

25727 

25731 

3 

5 

19 

25742 

25749 

25757 

25764 

25771 

25779 

25786 

25794 

25801 

25808 

25816 

25823 

4 

6 

20 

5.25831 

25838 

25845 

25853 

25860 

25867 

25875 

25882 

25889 

25897 

25904 

25911 

a 


21 

25918 

25926 

25933 

25940 

25947 

25955 

25962 

25969 

25976 

25984 

25991 

25998 

1 

1 

22 

26005 

26013 

26020 

26027 

26034 

26041 

26048 

26056 

26063 

26070 

26077 

26084 

2 

3 

23 

26091 

26098 

26105 

26113 

26120 

26127 

26134 

26141 

26148 

26155 

26162 

26169 

3 

4 

24 

26176 

26183 

26190 

26197 

26204 

26211 

26218 

26225 

26232 

26239 

26246 

26253 

4 

6 

25 

5.26260 

26267 

26274 

26281 

26288 

26295 

26301 

26308 

26315 

26322 

26329 

26336 

8 


26 

26343 

26350 

26356 

26363 

26370 

26377 

26384 

26391 

26397 

26404 

26411 

26418 

1 

1 

27 

26425 

26132 

26438 

26445 

26452 

26459 

26465 

26472 

26479 

26486 

26492 

26499 

2 

3 

28 

26506 

26512 

26519 

26526 

26532 

26539 

26546 

26552 

26559 

26566 

26572 

26579 

3 

4 

29 

26586 

26592 

26599 

26605 

26612 

26619 

26625 

26632 

26638 

26645 

26651 

26658 

4 

6 

30 

5.26665 

26671 

26678 

26681 

26691 

26697 

26704 

26710 

26717 

26723 

26730 

26736 

s 


31 

26713 

26719 

26755 

26762 

26768 

26775 

26781 

26786 

26794 

26800 

2G807 

26813 

1 

1 

32 

26820 

26820 

26832 

26839 

26845 

26851 

26858 

26864 

26870 

26877 

26883 

26889 

2 

2 

33 

26896 

26902 

26908 

26915 

26921 

26927 

26933 

26940 

26946 

26952 

26958 

26965 

3 

4 

34 

26971 

26977 

26983 

26989 

26996 

27002 

27008 

27014 

27020 

27027 

27033 

27039 

4 

5 

35~ 

5.27015 

27051 

27057 

27063 

27069 

27076 

27082 

27088 

27094 

27100 

27106 

27112 

s 


36 

27118 

27124 

27130 

27136 

27142 

27148 

27154 

27160 

27166 

27172 

27178 

27184 

1 

1 

37 

27190 

27196 

27202 

27208 

27214 

27220 

27226 

27232 

27238 

27244 

27250 

27256 

2 

2 

38 

27262 

2726s 

27274 

27279 

27285 

27291 

27297 

27303 

27309 

27315 

27320 

27326 

3 

4 

39 

27332 

27338 

27344 

27350 

27355 

27361 

27367 

27373 

27379 

27384 

27390 

27396 

_4| 

5 

40 

5.27402 

27407 

27413 

27419 

27425 

27430 

27436 

27442 

27447 

27453 

[27459 

27464 

s 


11 

27470 

27476 

27481 

27487 

27493 

27498 

27504 

27510 

27515 

27521 

27526 

27532 

1 


12 

27538 

27543 

27549 

27554 

27560 

27566 

27571 

27577 

27582 

27588 

27593 

27599 

2 

2 

13 

27604 

27610 

27615 

27621 

27626 

27632 

27637 

27643 

27648 

27654 

27659 

27665 

3 

3 

44 

27670 

27675 

27681 

27686 

27692 

27697 

27703 

27708 

27713 

27719 

27724 

27729 

4 

4 

45 

5.27735 

27740 

27746 

27751 

27756 

27762 

27767 

27772 

27777 

27783 

27788 

27793 

9 


46 

27799 

27801 

27809 

27815 

27820 

27825 

27830 

27836 

27841 

27846 

27851 

27856 

1 

1 

47 

27862 

27867 

27872 

27877 

27882 

27888 

27893 

27898 

27903 

27908 

27913 

27919 

2 

2 

18 

27924 

27929 

27934 

27939 

27944 

27949 

27954 

27959 

27964 

27970 

27975 

27980 

3 

3 

49 

27985 

27990 

27995 

28000 

28005 

28010 

28015 

28020 

28025 

28030 

28035 

28040 

4 

4 

50 

5.28045 

28050 

28055 

28060 

28065 

28070 

28075 

28080 

28085 

28090 

28094128099| 

9 


51 

28104 

28109 

28114 

28119 

28124 

28129 

28134 

28138 

28143 

28148 

28153 

28158 

1 

1 

52 

28163 

28168 

28172 

28177 

28182 

28187 

28191 

28196 

28201 

28206 

28211 

28215 

2 

2 

53 

28220 

28225 

28230 

28234 

28239 

28244 

28249 

28253 

28258 

28263 

28267 

28272 

3 

3 

54 

28277 

28281 

28286 

28291 

28295 

28300 

28305 

28309 

28314 

28319 

28323 

28328 

4 

4 

55 

5.28332 

28337 

28342 

28346 

28351 

28355 

28360 

28364 

28369 

28374 

28378 

28383 

9 


56 

28387 

28392 

28396 

28401 

28405 

28410 

28414 

28419 

28423 

28428 

28432 

28437 

1 

1 

57 

28441 

28446 

28450 

28454 

28459 

28463 

28468 

28472 

28476 

28481 

28485 

28490 

2 

2 

58 

28494 

28498 

28503 

28507 

28512 

28516 

28520 

28525 

28529 

28533 

28538 

28542 

3 

a 

59 

28546 

28551 

28555 

28559 

28563 

28568 

28572 

28576 

28580 

28585 

28589 

28593 

4 

m 







TABLE XXVIII. 175 

To find the latitude by double altitu des, and the elapsed time. 

MIDDLE TIME. 

5 Hours. 

"si (i* j 5 * To»~ 15* | 20* 26* 30*~ 35« 40* 45* 50» 55»~ Pro.pt*. 

T 5.28397 28602 28606 28610 286H 28619 28623 28627 28G31 2863 * 28639 28644 9 

1 28648 28652 28656 28660 28664 28668 28673 28677 28681 28685 28689 28693 1 I l 

2 28607128701 28705 28709 28713 28718 28722 28726 28730 28734 28738 28742 2 | 2 

3 28746 28750 28754 28758 28762 28766 28770 28774 28778 28782 28786 28790 3 12 

4 28793 28797 28801 28805 28809 28813 28817 28821 28825 28829 28832 28836 _4 I 3 

5~ 5.28840 28844 28848 28852 28856 23860 28863 28867 28871 28875 28879 28882 8 

6 28886 28890 28894 28898 28901 28905 23909 28913 2S916 28920 28924 28928 l 1 

7 28931 28935 28939 28942 28946 28950 28953 28957 28961 28964 28968 28972 2 2 

8 28975 28979 28983 28986 28990 28994 28997 29001 29004 29008 29012 29015 3 2 

9 29019 29022 29026 29029 29033 29037 29040 29044 29047 29051 29054 29058 4 3 

10~ 5729061 29065 29068 29072 29075 29079 29082 29086 29089 29092 29096 29099 8 

11 29103,29106 29110 29113 29110 29120 29123 29127 29130 29133 29137 29140 1 I 1 

12 29143 *29147 29150 29154 29157 29160 29163 29167 29170 29173 29177 29180 2 11 

13 29183 29187 29190 29193 29196 29200 29203 29206 29209 29213 29216 29219 3 2 

14 29222 29226 29229 29232 29235 29238 29241 29245 29218 29251 29254 29257 4 )2 

15“ 5.29260'29264 29267 29270 29273 29276 29279 29282 29285 29288 29292 29295 s 

16 29298 29301 29304 29307 29310 29313 29316 29319 29322 29325 29328 29331 1 1 

17 29334 29337 29340 29343 29346 29349 29352 29355 29358 29361129364 29367 2 1 

18 29370 *29373 *29375 29378 29381 29384 29387 29390 29393 29396129390 29401 3 2 

19 29404 29407 29410 29413 29416 29419 29421 29424 29427 29430)29433 29435 4 2 

20 5.29438 29441 29444 29447 29449 29452 29455 29458 29460 29463129166 29468 s 

21 29471 29474 29477 29479 29482 29485 29487 29490 29493 29495(29498 29501 1 I 

22 29503 29506 29509 29511 29514 29516 29519 29522 29524 29527(29529 29532 2 1 

23 29535 29537 29540 29542 29545 29547 29550 *29552 29555 29558!295G0 29563 3 2 

24 29565 29568 29570 29573 29575 29577 29580 29582 29585 29587!29590 | 29592 4 2 
25~ 5.29595 29597 29599 29602 29604 29607 29609 29611 29614 29616<29619 29621 Y 

26 29623 29626 29628 29630 29633 29635 29637 29640 29042 29644)29647 29649 1 0 

27 29651 29654 29656 29658 29660 29663 29665 29667 29669 29672i29G74 29676 2 1 

28 29678 29681 29683 29685 29687 29689 29691 29694 29696 29698 29700 29702 3 1 

29 29704 29707 29709 29711 29713 29715 29717 29719 29721 29724 29726 29728 4 2 

30 5.29730 29732 29734 29736 29738129740 29742 29744 29746 29748 29750 29752 8 

31 29754 29756 29758 29700 297C2 29764 2976G 29768 29770 29772 29774 29776 1 0 

32 29778 29780 29782 29784 29786 29788 29790 29791 29793 29795 29797 29799 2 1 

33 29801 29803 29805 29807 29808 208I0|298I2 29814 29816 29818 29819 29821 3 1 

34 29823 29825 29827 29828 29830129832 29834 29835 29837 29839.29841 29842 4 2 


5.29844 

29861 

29884 

29903 

_29920 

'5.29937 

29954 

29909 

29983 

29997 

"s.soolu 

30022 

30033 

30043 

30053 

"5.30062 

3007o 

30077 

30083 

30088 


29846 29848 29849 29851 29853!29^54 29856 29858 29859 29861 29863 
*29866 29868 29869 29871 29873 29874 29876 29878 29879 29881 29882 
29886 29887 29889 29890 29892 29893 29895 29896 29898 29900 29901 
[29904 29906 29907 29909 29910 29912 29913 29915 29916 29918 29919 
29922 29923 29925 29920 29928 29929 29930 29932 29933 29935 29936 


29939 29940 29942 29943 
29955 29956 29958 29959 
29970 29971 29973 29974 
29985 29986 29987 29988 
29998 29999 30000 30001 
30011 30012 30013 30014 
30023 30024 30025 30026 
30034 30035 30036 30037 
30044 30045 30016 30047 
30054 30054 30055 30056 
3006200063 30064 300B4 
30070 30071 30071 30072 
30077130078 30078 30079 
30083 30081 30081 30085 
30089 30089 30089 30090 


29944 29946 29947 2994b|29950 29951129952 
29960 29961 29963 29964 29965 29966129968 
29975 29976 29978 29979 29980 29981 29982 
29989 29990 29992 29993 29994 29995 29996 
[30003 30001 30005 30006|30007 30008130009 


30015 30016|30017 
30027 30028 30029 
30038 30038130039 

30048 30048 30049 
30057 30057)30058 
30065 30066 30066 
30073 30073130074 
30079 30080 30080 
30085 30086 30086 
30090 30090130090 


30018130019 30020 30021 
30029 30030 30031 30032 
30040 30041 30042 30043 
30050 30051 30051 30052 
30059 30060 30060 30061 
30067 30068 30068 30069 
30074 30075 30075 30076 
30081 30081 30082 30082 
30086 30087 30087 30088 
30091 30091|30092|30092 


5.30093 30093 30093 30094 30094 30094 30095 30095 30095130096I3OO96 30096 s 
30096 30097 30097 30097 30097 30098 30098 30098 30098 30099 30099 30099 1 0 
30099 30100 30100 30100 30100 30100 30100 30101 30101 30101 30101 30101 2 0 
30101 30102 30102 30102 30102 30102 30102 30102 30102 30102 30102 30102 3 0 
30103 30103 30103|30103 3010 3 30103 30103 30103 30103 30103 30103 30103 4 1 








176 TABLE XXIX. 

To find the latitude by double altitudes, and the elapsed time. 

RISING. 

0 Hour. 


5 

1.376531 

6 

53488 

7 

66877 

8 

78474 

9 

88703 

1 10 

|. 971*54 

11 

2.06131 

12 

13687 

13 

20638 

14 

27073 

l 15 

2.33063 

16 

38667 

17 

43930 

18 

48893 

19 

53586 

20 

2.58039 

21 

62274 

22 

66312 

23 

70170 

24 

73863 

25 

2.77405 

26 

80809 

27 

84083 

28 

87238 

29 

90282 

30 

2.93223 

31 

96067 

32 

f.98820 

33 

3.01488 

31 

04077 

35 

3.06590 

30 

09032 

37 

11406 

38 

13718 

39 

15969 

40 

3.18162 

41 

20301 

42 

22389 

13 

24427 

44 

26418 

45 

3.28363 

46 

30266 

47 

32128 

48 

33950 

49 

35734 

50 

3.37482 

51 

39195 

52 

40875 

53 

42522 

54 

44138 

55 

3.45724 

56 

47282 

57 

48811 

58 

50314 

59 

51791 


3* 10* 15* | 20* 25' 

02136 21818 
J.y7ttOUKM«iS 11250 17242 22848 28114 
0.68066 61C12 6501908207 71455 74503 
f .93284 95664 97980 00236 02435 04580 
I .18271 20062 21817 23537 25224 26878 


8)88140501141890 43258 
1686^55868 57034 58184 
905 68920 09924 70917 71898 
>374 no 265 81147 82019 82884 
>504 90297 91083 91862 92634 
>574 99289 99998 00701 01399 
1786 07437 08082 08723 09359 
1288 14885 15477 
192 21744 22292 22836 23377 
588 28100 28609 29116 29619 
544 34023 34498 34972 35442 
>118 39567 10013 40457 40899 
355 44777 45198 45616 46033 
>294 19693 50090 50486 50879 
966 54341 54721 55096 »5I69 


21818 37654 5104 1162642172873182024 
28114 33079 3777 5112230I46468I505 
74503 77 Its s 0296 
04580 06673 08717110714112666 
26878 28502 30095 31660 33198 


45931 47237 


6044061547 


71898|72869|73829 
82884 
92634 


198574 99289 
06786 07437 
14288 14885 
21192 21744 
27588 28100 
33544 34023 
39118 39567 
44355 44777 
49294 19693 
53966 54341 
58400 58759 
62618 62960 
66640 66967 
70483 70*90 
74164 74464 


77694 77982 
81086 81363 
84350 84617 
87496 87753 
90531 90779 
93463 93703 
96299 96532 
99045 99270 
01707 01925 
04289 04501 
06796 07001 
09232 09432 
11601 11796 
13908 14097 
16154 16338 
18343 18522 
20477 20653 
22560 22732 
24594 24762 
26581 26745 
28524 28683 
30423 30579 
32281 32434 
34100 34250 
35881 36028 
37626 37770 
39336 39477 
41013 41152 
42658 42794 
44272 44405 
45855 45986 
47410 47539 
48938 49064 
50438 50562 
51913 52035 


18382 18951 


24980 25508 


30120 30617 31112 31604 
35910 36376 36839 37299 
41339 11770 12211 12644 
46447 46859 17270 17678 
51271 51661 52050 52436 
55841|502U 56580 56947 


59117 59474 59829 60182 60534 60885 
63302 63641 63979 64316 64652 64987 
67292 67617 67940 68262 68583 68903 
71108 71418 71728 72030 72343 72649 
74762 75060 75357 75652 75947 76241 


78269178555 78840 
81639 81914 82188 
84883185148 85412 
88009 88265 88519 
9I027|91273 91520 
93942 94181 94419 94656 94893 
96763:96994 97224 97454 97683 
99495 99719 99942 00164 00386 
02143 02360 02576 02792 03008 
04712 01922 05133 05342 05551 
07207 07411 07616 07819 08023 
09632 09831 10029 10227 10425 
11990 1218-1 12377 12570 12762 12954 
14286 14475 14663 11850 15038 15225 
16522 16706 16889 17072 17255 17437 



18702 18881 19060 19238 19417 19594 
20828 21003 21177 21351 21525 21699 
22903 23073 23244 23414 235S3 23753 
24929 25095 25262 25428 25594 25759 
26908 27071 27234 27396 27558 27720 


28843 29002 29161 29320 29478 29637 
30735 30891 31047 31202 31357 31512 
32587 32739 32892 33044 33195 33347 
34400 34549 34698 34847 31995 35144 
36175 36321 36467 36613 36758 36903 
37914 38057 38200 38343 38486 38628 
39618 39759 39899 40039 40179 40319 
41290 41427 41565 41702 41839 41976 
42929 43064 43199 43334 43469 43603 
44537 44670 44803 44935 45067 45199 
46116 46247 46377 46507 46636 
47667 47795 47923 48050 48177 
49190 49315 49441 49566 

50686 50809 50933 510561511791513011514241515471516691 
52156 52278 52399 525201526 411527611528821530021531221 



32093 32579 
37758 38213 
43075 43504 
48085 48490 
52821 53205 
573ISI57G7G, 


61234 61582 61929 
65320 65652 65982 
69221 6953s 69855 
72954 73258 735GI 
76533 76825 77116 


79970180251 80530 
83276 83546 83815 
86460 667 2 0 66979 
89591 89782 90032 
92497 92739 92981 
95364 95599 95833 
98140 98367 98594 
00829 01049 01269 
03437 03651 03864 
05968 06176 06383 

08428 08629 08831 

1081011015 11211 
13146 13337 13527 
15411 15597 15783 


40736 

42250|42386 

14005 
45593 


47153 

48685 


50190 
51669 









































TABLE XXIX. 177 

To find the latitude by double altit udes, and the elatsed time^ 

RISING. 


1 Hour. 


M 

0* 

6‘ 

10» 

15* 

20* 

25 s 

30* 

35* 

40* 

45* 

50* 

55* 

Pro. |»t*. | 

0 

3.53243 

53362 

53482 

53602 

53721 

53840 

53959 

54078 

54197 

54315 

54434 

54552 

S 


1 

54G70 

54788 

54905 

55023 

55140 

55258 

55375 

55492 

55608 

55725 

55841 

55958 

1 

23 

2 

56074 

56190 

56306 

56421 

56537 

56652 

56767 

56882 

56997 

57112)57226 

57341 

2 

46 

3 

57455 

57569 

57683 

57797 

57910 

58024 

58137 

58250 

58363 

58476 

58589 

58702 

3 

70 

4 

58814 

58926 

59038 

59150 

59262 

59374 

59486 

59597 

59708 

59819 

59930 

60041 

4 

93 

5 

3.60152 

60262 

60373 

60483 

60593 

60703 

60813 

60923 

61032 

61143 

61251 

61360 

8 


6 

61469 

61578 

G1686 

61795 

61903 

62012 

62120 

62228 

62336 

62443)62551 

62659 

11 

21 

7 

62766 

02H73 

62980 

63087 

63194 

63301 

63407 

63513 

63620 

63726 

63832 

63938 

2 

42 

8 

64043 

64149 

64254 

64360 

64465 

64570 

64675 

64780 

61885 

64989 

65094 

65198 

3 

63 

9 

65302 

65406 

65510 

65614 

65717 

65821 

65924 

66028 

66131 

06234 

66337 

66440 

4 

85 

10 

3.66542 

66645 

66747 

66849 

66952 

67054 

67156 

67257 

67359 

67461 

67562 

67663 

8 


11 

67765 

67866 

67967 

68067 

68168 

68269 

68369 

68469 

68570 

68670 

68770 

68870 

1 

20 

12 

68969 

69069 

69169 

69268 

69367 

69467 

69566 

69665 

09763 

69862 

69961 

70059 

2 

40 

13 

70158 

70256 

70354 

70452 

70550 

70648 

70745 

70843 

70940 

71038 

71135 

71232 

3 

60 

14 

71329 

71426 

71523 

71620 

71716 

71813 

71909 

72005 

72101 

72197 

72294 

72389 

4 

80 

15 

3.72485 

72580 

72676 

72771 

72867 

72962 

73057 

73152 

73217 

73341 

73436 

73530 

8 


16 

73625 

73719 

73813 

73907 

74001 

74095 

74189 

74283 

74376 

74470 

74563 

74657 

1 

18 

17 

74750 

74843 

74936 

75029 

75121 

75214 

75307 

75399 

75491 

75584 

75676175768 

2 

37 

18 

75860 

75952 

76043 

76135 

76227 

76318 

76409 

76501 

76592 

76683 

76774 

7G865 

3 

55 

19 

76955 

77046 

77137 

77227 

77318 

77408 

77498 

77588 

77678 

77708 

77858 

77947 

4 

74 

20 

3778037 

78127 

78216 

78305 

78395 

78484 

78573 

78662 

78750 

78839 

78928 

79016 

8 


21 

79105 

79193 

79282 

79370 

79458 

79546 

79634 

79722 

79809 

79897 

79985 

80072 

1 

17 

22 

80159 

80247 

80334 

80421 

80508 

80595 

80682 

80768 

80855 

80942 

81028 

81115 

2 

35 

23 

81201 

81287 

81373 

81459 

81545 

81631 

81717 

81802 

81888 

81974 

82059 

82144 

3 

52 

24 

82230 

82315 

82400 

82485 

82570 

82655 

82739 

82824 

82908 

82993 

83077 

83162 

4 

70 

25 

3.83246 

83330 

83414 

83498 

83582 

83666 

83749 

83833 

83917 

84000 

84083 

84167 

8 


26 

84250 

84333 

84416 

84499 

84582 

84665 

84748 

84830 

84913 

84995 

85078 

85160 

1 

16 

27 

85242 

85324 

85406 

85488 

85570 

85652 

85734 

85816 

85897 

85979 

86060 

86141 

2 

33 

28 

86223 

86304 

86385 

86466 

8G547 

86628 

86709 

86790 

86870 

86951 

87031 

87112 

3 

49 

29 

87192 

87272 

87352 

87433 

87513 

87593 

87672 

87752 

87832 

87912 

87991 

88071 

4 

65 

30 

3.88150 

88229 

88309 

88388 

88467 

88546 

88625 

88704 

88783 

88862 

88940 

89019 

s 


31 

89097 

89176 

89254 

89333 

89411 

89489 

89567 

89645 

89723 

89801 

89879 

89956 

1115 

32 

90034 

90112 

90189 

90267 

90344 

90421 

90498 

90576 

90653 

90730 

90807 

90884 

2 

31 

33 

90960 

91037 

91111 

91190 

91267 

91343 

91420 

91496 

91572 

91648 

91724 

91800 

3 

46 

34 

91876 

91952 

92028 

92104 

92179 

92255 

92331 { 

92406 

92482 

92557 

92632 

92707 

4 

62 

35 

3.92782 

92858 

92933 

93007 

93082 

93157 

93232 

93306 

93381 

93456 

93530 

93605 

8 


36 

93679 

93753 

93827 

93901 

93975 

94049 

94123 

94197 

94271 

94345 

94418 

94492 

1 

15 

37 

94566 

94639 

94712 

94786 

94859 

94932 

95005 

95078 

95152 

95224 

95297 

95370 

2 

29 

38 

95443 

95515 

95588 

95661 

95733 

95806 

95878 

95950 

96023 

96095 

96167 

96239 

3 

44 

39 

96311 

96383 

96455 

96527 

96599 

96670 

96742 

96813 

96885 

96956 

97028 

97099 

4 

58 

40 

3.97170 

97242 

97313 

97384 

97455 

97526 

97597 

97667 

97738 

97809 

97880 

97950 

8 


41 

98021 

98091 

98162 

98232 

98302 

98372 

98443 

98513 

98583 

98653 

98723 

98793 

1 

14 

42 

98862 

98932 

99002 

99072 

99141 

99211 

99280 

99350 

99419 

99488 

99557 

99627 

2 

28 

43 

\ 99696 

99765 

99834 

99903 

99972 

00040 

00109 

00178 

00247 

00315 

00384 

00452 

3 

42 

44 

1.00521 

00589 

00657 

00726 

00794 

00862 

00930 

00998 

01066 

01134 

01202 

01270 

4 

56 

45 

4.01337 

01405 

01473 

01540 

01608 

01675 

01743 

01810,01877 

01945 

02012 

02079 

s 


46 

02146 

02213 

02280 

02347 

02414 

02481,02547 

02614 

02681 

02747 

02814 

02880 

1 

13 

47 

02947 

03013 

03080 

03146 

03212 

03278 

03344 

03411 

03477 

03542 

03608 

03674 

2 

26 

48 

03740 

03806 

03871 

03937 

04003 

01068 

04134 

04199 

04265 

04330 

04395 

04460 

3 

4° 

49 

04526 

04591 

04656 

04721 

04786 

04851 

04916 

04980 

05045 

05110 

05175 

05239 

4 

| 53 

50 

4.05304 

05368 

05433 

05497 

05561 

05626 

05690 

05754 

05818 

05882 

05946 

06010 

8 


51 

06074 

06138 

06202 

06266 

0G330 

06393 

06457 

06521 

06584 

06648 

06711 

06775 

1 

13 

52 

06838 

06901 

06965 

07028 

07091 

07154 

07217 

07280 

07343 

07406 

07469 

07532 

2 

25 

53 

07595 

07657 

07720 

07783 

07815 

07908 

07970 

08033 

08095 

08157 

08220 

08282 

3 

38 

54 

08344 

08406 

08468 

08530 

08592 

08654 

08716 

08778 

08840 

08902 

08964 

09025 

4 

50 

65 

4.09087 

09148 

09210 

09272 

09333 

09394 

09456 

09517 

09578 

09640 

09701 

09762 

8 


56 

09823 

09884 

09945 

10006 

10067 

10128 

10188 

10249 

10310 

10371 

10431 

10492 

1 

112 

57 

10552 

10613 

10673 

10734 

10794 

10854 

10915 

10975 

11035 

11095 

11155 

11215 

2 

1 24 

58 

11275 

11335 

11395 

11455 

11515 

11575 

11634 

11694 

11754 

11813 

11873 

11932 

3 

36 

59 

11992 

12051 

12111 

12170 

12229 

12289 

12348 

12407 

12466 

12525 

12584 

12643 

4 

1 48 













178 TABLE XXIX. 

To find the latitude by double altitudes, and the elapsed time. 

~ " * " R1SI ng! 


2 Hours. 

























































































































TABLE XXIX. 179 

To find the latitude by double altitudes, and the elapsed time. 

RISING. 

3 Hours. 

M 0" j 5* 10* 15* 20* 25* 35* 40* | 45* 50* 55* Pro.pu. 

~ 4.40671 4670046747 46785 40823 46801 16899 10937 46975 47013 47051 47080 ~s 

1 4712747165 47203 47241 47278 47316 47354 47392 47430 474G7 47505 47543 1 I 7 

2 47580 47618 47650 47693 47731 477G8 47806 47843 47881 47918 47956 47993 2 | 15 

3 4803 1 48068 48106 48143 48180 48218 48255 48292 48330 48307 48404 48441 3 22 

4 48479 48516 48553 48590 48627 48664 48701 48739 48776 48813 48850 48887 4 | 30 

~5~ 1748924 48961 48998 49035 49071 49108 49145 49182 19219 49256 49293 49329 1 

6 49366 4 9 403 49440 49476 49513 49550 49586 49623 49660 49696 49733 49769 1 7 

7 49806 49842 49879 49915 49952 49988 50025 50061 50098 50134 50170 50207 2 14 

8 50243 50279 50316 50352 50388 50424 50461 50497 50533 50569 50605 50641 3 22 

9 60677 50714 50750 50786 50822 50858 50894 50930 50966 51002 51038 51073 4 29 

TiT L5U09 51145 51181 51217 51253 51289 51324 51360 51396 51432 51467 51503 "s 

11 51539 51574 51610 51646 51681 51717 51753 51788 51824 51859 51895 51930 1| 7 

12 51966 52001 52037 52072 52107 52143 52178 52213 52249 52284 52319 52355 2 | 14 

13 52390 52425 52461 52496 52531 52566 52601 52636 52672 52707 52742 52777 3 21 

14 52812 52847 52882 52917 52952 52987 53022 53057 53092 53127 53162 53197 4 | 28 

15 4.53231 53266 53301 53336 53371 53405 53410 53475 53510 53544 53579 53614 8 

16 53048|53683 53718 53752 53787 53821 53856 53891 53925 53960 53994 54029 1 7 

17 54063 54097 54132 54166 54201 54235 54269 54304 54338 54372 54407 54441 2 14 

18 54475 54509 54544 5457S 54612 51646 54680 54715 54749 54783 54817 54851 3 20 

19 54885 54919 54953 54987 55021 55055 55089 55123 55157 55191 55225 55259 4 27 

20 4.65293 55327 55360 55394 55428 55162 55496 55529 55563 55597 55630 55664 8 

21 55698 55732 55765 55799 55832 55866 55900 55933 55967 56000 56034 5G067 1 7 

22 56101 56134 56168 56201 56235 56268 56301 56335 56368 56401 56435 56468 2 13 

23 56501 56534 56568 56601 56635 56668 56701 56734 56767 56800 56834 56867 3 20 

24 56900 56933 56966 56999 57032 57065 57098 57131 57164 57197 57230 57263 4 26 

25 4.57296 57329 57362 57395 57428 57460 57493 57526 57559 57592 57625 57657 8 

26 57690 57723 57755 57788 57821 57854 57886 57919 57951 57984 58017 58049 1 6 

27 58082 58114 58147 58179 58212 58244 58277 58309 58342 58374 58407 58439 2 13 

28 58471 58504 58536 58568 58601 58633 58665 58698 58730 58762 58794 58827 3 19 

29 68859 58891 58923 58955 58988 59020 59052 59084 59116 59148 59180 59212 4 2G 

30~ 1759244 59276 59308 59340 59372 59404 59436 59468 59500 59532 59564 59596 1 

31 59027 59659 59691 59723 59755 59786 59818 59850 59882 59913 59945 59977 1 6 

32 60008 60040 60072 60103 60135 60167 60198 60230 60261 60293 60324 60356 2 12 

33 60388 60419 60450 60482 00513 60545 60576 60608 60639 60670 6070160733 3 18 

34 60764 60796 60827 60858 60890 60921 60952 60983 61015 61046 61077 61108 4 25 

37“ iTol 139 61171 61202 61233 01264 61295 61326 61357 61388 61419 61450 61481 s 

36 61512 61543 61574 01605 61636 61667 61698 61729 61760 61791 61822 61852 1 6 

37 61883 G1914 61945 61976 62006 62037 G2068G2099 62129 62160 G2191 62222 2 12 

38 62252 62283 62313 62344 62375 62405 62436 62466 62497 62528 62558 625S9 3 18 

39 62619 (>2650 62680 62711 62741 62771 62802 62832 62863 62893 62923 62954 4 21 

4.62981 63014 63045 63075 63105 63136 63166 63196 63226 63257 63287 63317 s 

41 63347 63377 63407 63438 63468 63498 63528 63558 63588 63618 63648 63678 1 6 

42 63708 63738 63768 63798 63828 63858 63888 63918 63948 63978 64008 64038 2 12 

43 64068 64097 64127 64157 64187 64217 64246 64276 64306 64336 64365 64395 3 18 

44 64425 64455 64484 64514 64544 64573 64603 64632 64602 64692 64721 64751 4 24 


1.64780 64810 64839 
65134 65163 65193 
65486 65515 65544 
65836 65865 65894 
66184 66213 66242 
' 4.665306655966588 
66875 66903 66932 
67217 67246 67274 
67558 67587 67615 
67897 6792567954 


64869 64898 64928 64957 64987 65016 65045 65075 65105 
65222 65251 65281 65310 65339 65369 65398 65427 65456 
65573 65603 65632 65661 65690 65719 65748 65777 65806 
65923 65952 65981 66010 66039 66068 66097 66126 66155 
66270 66299 66328 66357 66386 66415 66444 66472 66501 
66616 66645 66674 66702 66731 66760 66789 66817 66846 
66900 66989 67018 67046 67075 67103 67132 67160 67189 
67303 67331 67360 67388 67416 67445 67473 67502 67530 
67643 67672 67700 67728 67756 67785 67813 67841 67869 
67982 68010 68038 680G6 68094 68123 68151 68179 68207 


4.68235 68263J68291 6831968347 68375 68403 68431 68459 68487 68515 68543 
68571 6859968627 68654 68682 68710 68738 68766 68794 68821 68849 68877 
68905 68933 68960 68988 09016 69043 69071 6909969127 69154 69182 69210 
69237 69265 69292 69320 69348 69375 69403 69130 69458 69486 69513 69540 
69568 69595 69623 69650 69678 69705 69733 69700 69788 69815 69842 69870 






180 TABLE XXIX. 

Jo find the latitude b y double altitudes, and the elapsed timr. 

___RISING. 

__4 Hours 

L| I 15 ‘ IjgLl^ll I 40* I 45. I 50. US. L*.,, 


0 4. 09897 611924 69952 69979 70006 70034 70061 70088 70115 70143 70170 70197 

1 l°JV ™? 52 70279 70300 70333 70360 7 °3«7 70415 70442 70469 70m 

2 70550 70577 70604 70631 70658 70685 70712 70739 70766 70793 70820 70* 17 

3 I?? 2 * I? 955 70082 71 °09 71036 71063 71089 71116 71143 7117*0 

i_Z 11 J7 71224 71250 71277 71304 71331 71357 71384 71411 71438 71461 71491 


5 4.7151871544 

6 71837 71864 

7 72155 72181 

8 72471 724971 

9 _72785 72812 

0 4.73099 73125 

1 73410 73436 

2 73720 73746 

3 74028 74054 

4 74335 74361 


71571 71598 
7189071917 
72208 72234 
72523 72550 
72838 72864 


71624 71651 
71943 71970 
72260 72287 
72576 72602 
72890 72916 


73151 73177 
73462 73488 
73772 73797 
74080 74105 
74386 74412 


73203 73228 
73514 73539 
73823 73849 
74131 74157 
7413774463 


1 71678 71704 
>71996 72023 
72313 72339 
! 72628 72655 
72942 72968 
73254 73280 
73565 73591 
73874 73900 
74182 74208 
74488745141 


I 71731 71757 
1 72049 720751 
> 72366 72392 
72681 72707 
72994 73020 
73306 73332 
73617 73643 
73926 73951 
74233 74259 
74539 74565 


r 71784 71810 
> 7210272128 
72418 72445 
72733 72759 
73046 73072 
73358 73384 ' 
73668 73694 
73977 74003 
74284 74310 
174590 74616 


5 4.74641 74666 74692 74717 74742 74768 74793 74818 74844 74869 74894 74Q«n 
74945 74970 74995 75021 750.0 75071 75090 75122 75 U7 75 H2 75197 75m 

75540 ISZ 75*100 7 7 t 3M 753,8 75173 75398 75533 75558 75553 753 0» 

75848 75873 75MOH 1! 75859 75675 75699 75723 75758 75773 7579 S 75823 
L -—jr?! 8 7 - 878 75808 7592 3 75948 | 759 73 75097 76022 76047 76072 76097 76121 

' 1 70443 7040ft 22 rrti'il I??!? 76270 70295)70320 70344 70369 76394 764l» 
7073 k 7rTM 7 «t« !??!! I 0542 76566 ™ 91 76615 78040 70605 76689 76714 
77032177057 770ft I 7,?n? I?? 36 76861 76885 76910 76934 76959 76983 7700ft 

77325 77340 77373 7^o« II?? 77,54 77179 77203 77227 77252 77276 ”300 

- ~ 3 Ji 77359 77373 77398 77422)77446 77470 77495 77519 77543 77567 77592 

4 77906 77930 7*954 I™™ lllnl 77737 77761 77785 77809 77833 77857 ”582 

II??? 7H9?ft lloit II?I? I???? 78026 78050 78075 78098 78122 78156 78170 

78481 78505 78580 5SS 783,5 78338 78361 78385 78409 78433 78157 

78767 78700 !««?? 7ft«« I!?I? 78000 78621 78658 78671 78695 78719 78753 
78790 78814 78838 78861 78885 78909 78933 78956 78980 79004 79027 

4 ‘ 7933 ] 7035T In?!)? I?!?jI?! 55 79169 79192 79918 79240 79263 79287 79310 ' 
I? 331 79357 79381 7940 f 7942ft 79451 79175 79498 79522 79545 7956ft 79592 
7080? I?? 30 1 9662 79686 79709 *9732 79756 79779 79802 79826 79849 79872 
ft0?7? I??I? I??I? 79965 79989 80012 80035 80059 89083 80105 80128 80151 
80175 80198 89221 80255 80267 80290 80314 80337 80360 80383 80406 80129 

' ???')? 80575 89598 80521 80545 80568 80591 80614 80637 80660 80683 80706 * 
8?nnj K?no? ??I 75 !? 797 80820 80853 80866 8088980912 80935 80958 80981 
?}?2f ?!??! bIm? ?!? 72 81095 81 118 81 141 81163 81186 81209 81232 81255 
81550 ft!m ? ?? 3 8135081308 81391 81414 81437 81459 81482 81505 81527 
__bl550 81573 81595 81618 8164 1 81663 81686 81708 81731 81754 81776 81799 

4 ‘ft9?o! 81866 81889 81911 81934 81956 81979 82001 82024 82046 82069 ~ 

82300 82382 ftl!?? 82203 82226 82258 82271 82293 82315 82328 
8262ft 82650 uliln tVJJ, ??1J? 82572 82195 82510 82538 82501 82583 82605 < 
ft2fto? ?i?I? ?. 26 ? 5 82710 82739 82701 82 ? 83 82805 82827 82850 82872 j 
_82894 82916 82938 82960 82982 83004 83026 83049 83071 83093 83115 63137 

4 83423 ft?]?! ????? 8 ? 225 83217 83209 832 °1 83313 83335 83357 83379 8340? 
ft3f «5 tliny ID? 7 83488 83510 83532 83553 835 76 83598 83620 83642 83663 
83947 H7or« S f?!? 1 83773 83795 83810 83838 83800 83881 83903 83 925 J 
84207 S SI??? ?1?I 2 85035 85055 85077 85099 85120 85152 84164 84185 3 
_84207 84229 84250 94272 84293 84315 84337 84358 S4380 8iJni «i <4 a . 

4 * ftiS? 84509 84531 84562 84574 84595 84617 84638 

8472 f ? ™ 5 ? 4767 84788 84810 81831 84852 84874 84895 
84981 8>002 85023 85044 85066 85087 85108 85130 85151 
8 * 230 85278 85300 85321 85342 86303 85385 85406 

- 85490 85512 85533 85554 85575 85596 85617 85638 85659 

4.85744 85705 85786 85807 85828 85849 85870 85891 85912 
85996 86017 86038 86058 86079 86100 86121 86142 86163 
80247 86267 86288 86309 80330 86351 86372 86392 86413 
86496 86517 80538(86559 80579 86600 86021 86611 86662 
8074586766 86786186807 86828186848 S68G9f 


















TABLE XXIX. 181 

To find the latitude by double altitudes, and the elapsed time. 

RISING. 


5 Hours. 


M | 6* ID* 15- 20- 25- 3 IP 35- 40- 45- 60- 

~0~ 4786902 87013 87034 87054 87075 87095 87116 87130 87157 87177 87 19»|»72Ib| s 


87481 87505 87525 87545 87506 87586 87G00 87027 87047 87007 87088 87708 
87728 87749 87769 87789 87809 87830 87850 87870 87890 87911 87931 87951 
87971 87992 88012 88032 88052 88072 88093 88113 88133 88153 88173 88193 


4.88213 88234 
88454 88474 
88094 88714 
88933 88953 
89171 89190 


10 

4.89407 89427 

11 

89643 89662 

12 

89877 89897 

13 

90111 90130 

14 

90343 90363 

15 

4.90575 90594 

16 

90805 90824 

17 

91034 91054 

18 

91263 91282 

19 

91490 91509 

20 

4.9171691735 

21 

91912 91961 

22 

92160 92185 

23 

92390 92408 

24 

92612 92630 

25 

4.92833 92851 

26 

93054 93072 

27 

93273 93291 

28 

93192 93510 

29 

93709 93727 

30 

4.93926 93944 

31 

94141 94159 

32 

94356 94374 

33 

94570 94587 

34 

94782114800 

35 

4.94994 95012 

36 

95205 95223 

37 

95415 95433 

38 

95624 95642 

39 

95832 95850 

40 

4.96040 96057 

41 

96246 96263 

42 

96451 96469 

43 

96656 96673 

44 

96860 96877 

45 

4.97062 97079 

46 

9726197281 

47 

97465 97482 

48 

97665 97682 

49 

97865 97881 

50 

4.98063 98080 

51 

98261 98277 

52 

98457 98474 

53 

98653 98669 

54 

98848 98864 

55 

4.99042 99058 

56 

99235 99251 

57 

99428 99444 

58 

99619 99635 

59 

99810 99820 


88254 88274 88294 88314 88334 88364 88374 88394 88414 88434 
88494 88514 88534 88554 88574 88594 88614 88034 88654 88674 
88734 88754 88774 88794 88814 88834 88853 88873 88893 88913 
88973 88992 89012 89032 89052 89072 89091 89111 89131 89151 
89210 89230 89250 89209 89289 89309 89328 89348 89368 89388 
89447 89466 89480 89500 89525 89545 89504 89584 89004 89623 
89082 89702 89721 89741 89760 89780 89799 89819 89838 89858 
89916 89936 89955 89975 89994 90014 90033 90053 90072 90091 
90150 90109 90188 90208 90227 90247 90266 90285 90305 90321 
90382 90401 90421 90440 90459 90478 90498 90517 90536 90555 


0 92888 92907 
0 9310993127 
0 93328 93310 
8 93540 93504 
i 93763 93781 


92925 92944 92902 92980 92999 93017 93035 
93145 93164 93182 93200 93218 93237 93255 
93304 93382 93401 93419 93137 93455 93473 
93582 93600 93019 93637 93055 93673 93091 
93809 93817 93836 93854 93872 93890 93908 
94010 94034 94052 94069 94088 94105 94123 
94231 94249 94207 94284 94302 94320 94338 
94445 94463 94481 94498 94510 94534 94552 
94658 94076 94094 94711 94729 94747 94765 
94871 94888 94900 94924 94941 94959 94976 


93980 93998 94010 94034 
94195 94213 94231 94249 
94410 94427 94445 94463 
94023 94041 94658 94070 
94835 94853 94871 94888 

95029 95047 95005 95082 95100 
95240 95258 95275 95293 95310 
95450 95468 95485 95*502 95520 
95659 95076 95694 95711 95728 
95867 95884 95902 95919 95936 
96074 90091 96109 96126 96143 
90280 96297 90315 96332 90349 
90486 90503 96520 96537 96554 
96690 96707 96724 96741 96758 
96894 96910 96927 96944 96961 
97096 97113 97130 97147 97163 
97298 97315 97331 97348 97365 
97499 97515 97532 97549 97565 
97099 97715 97732 97749 97765 
97898 9791 1 97931 97947 97904 


95117 95135 95153 95170 95188 8 
95328 95345 95363 95380 95398 1 I 
95537 95555 95572 95589 95607 2 | 
95746 95763 95780 95798 95815 3 
95953 95971 95988 90005 96022 4 | 
96160 96177 96195 96212 96229 T“ 
96366 96383 96400 96417 96434 1 
9G571 96588 96605 90622 96639 2 
96775 96792 96809 96820 96843 3 
96978 96995 97012 97029 97046 4 
97180 97197 97214 97231 97247 T" 
97382 97398 97415 97432 97449 1 
97582 97599 97615 97632 97649 2 
97782 97798 97815 97832 97848 3 
97981 97997 98014 98030 98047 4 


4.99042 99058 99074 99090 99107 99123 99139 99155 99171 99187 99203 99219 s 
99235 99251 99267 99284 99300 99316 99332 99348 99364 99380 99396 99312 1 
99428 99414 99460 99476 99492 99508 99524 99540 99556 99572 99587 99603 2 
99619 99635 99651 99667 99683 99699 99715 99731 99747 99763 99778 99794 3 
99810 99826 99842 99858 99873 99889 99905 99921 99937 99953 99968 99984 4 











182 TABLE XXIX. 

To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 

~ RISING. _~~~~~~~~ 

(j Hours. 


M 

O* 

6« 

10* 

15- 

0 

5700000 

00010 

00082 

00047 

1 

MIN 

0020 > 

00221 

00230 

2 

0037 ; 

00393 

00409 

00124 

3 

00505 

00580 

00596 

00612 

4 

00751 

00707 

00782 

00798 

— 

5~ 

5T00937 

00953 

00968 

00984 

6 

01122 

01138 

01153 

01108 

7 

01300 

01322 

01337 

01352 

8 

01 190 

01505 

01520 

01536 

9 

01672 

01088 

01703 

01718 

10 

5.01854 

01869 

01884 

01900 

11 

02035 

02050 

02065 

02080 

12 

02215 

02230 

02245 

02200 

13 

02395 

02110 

02425 

02440 

14 

02574 

02588 

02003 

020 lh 

15 

5.02751 

02760 

02781 

02790 

16 

02928 

02913 

02958 

02973 

17 

03105 

03119 

03131 

03149 

18 

03280 

03295 

03310 

03324 

19 

03455 

03470 

03184 

03499 

20 

5.03629 

03014 

03658 

03072 

21 

03802 

03817 

03831 

03840 

22 

03975 

03989 

04004 

04018 

23 

04147 

04101 

04175 

01190 

24 

04318 

04332 

04310 

01300 

25 

5.044*88 

01502 

04510 

04530 

26 

04657 

04072 

04680 

04700 

27 

04826 

04840 

04851 

04808 

28 

04994 

05008 

05022 

05030 

29 

05162 

05175 

05189 

05203 

30 

5.05328 

05342 

05350 

05370 

31 

05494 

05508 

05521 

05535 

32 

05659 

05073 

05686 

05700 

33 

05823 

05837 

05851 

05864 

31 

05987 

00001 

06014 

00028 

35 

5.00150 

00103 

00177 

06191 

30 

00312 

00326 

00339 

06353 

37 

00474 

00487 

06500 

06514 

38 

00634 

00648 

06661 

06674 

39 

00794 

06808 

00821 

06834 

40 

ii 

06967 

06980 

06994 

41 

07112 

07120 

07139 

07152 

42 

07270 

07284 

07297 

07310 

43 

07428 

07441 

07454 

07467 

44 

07584 

07597 

07610 

07623 

45 

5.07740 

07753 

07760 

07779 

46 

07895 

07908 

07921 

07931 

47 

08050 

08063 

08075 

080S8 

48 

08204 

08216 

08229 

08242 

49 

08357 

MtM 

08382 

08395 

50 

5.08509 

08522 

08534 

08547 

51 

08601 

08673 

08680 

08699 

52 

08812 

08824 

08837 

08850 

53 

08902 

08975 

08987 

09000 

54 

09112 

J9124 

09137 

09149 

55 

>.09201 

09273 

09280 

09298 

56 

09109 

09422 

09434 

09140 

57 

09557 

09569 

1)9582 

09594 

58 

09704 

09710 

09729 

09741 

59 

09851 

09863 

09875 

09887 


j 011)30 01945 

> 02110 02125 
3 02290 02305 
j 02109 02184 
i 92648 02003 
I 02825 02840 
7 03002 03017 
J 03178 03193 
) 03353 03308 
1 03528 03542 
f 03701 03710 
) 03874 03889 
t 04047 04001 
I 04218 01232 

> 01389 04403 

> 01559 04573 
l 047 28 04742 
t 04890 04910 
) 05001 05078 
f 05231 05245 
1 05397 05411 
) 05563 05577 
l 05728 05741 
» 05892 05905 
I 00055 00009 
I 00218 00231 

> 00379 00393 
f 00541 06554 
J 00701 00714 
*00861 06874 
f 07020 07033 
>07178 07192 
1 07336 07349 

> 07493 07500 

> 07G49|07002 
l 07805j07818 
’ 07960 07973 
L 08114 08127 

> 08207'08280 
* 08420 08433 
) 08572 08585 
I 08724 08730 
l 08875 08887 
i 00025 09037 
1 09174 09187 


01900 01975|01990 02005 02020 s 
02140 02155 02170 02185 02200 1 
02320 02335 02350 02365 02380 2 
02499 02514 02529 02544 02559 3 
02077 02092 02707 02722 02737 4 
02855 02870 02884 02899 02914 T 
03031 03040 03061 03075 03090 1 
03207 03222 03237 03251 03266 2 
03382 03397 03412 03426 03441 3 
03557 03571 03580 03600 03615 4 
03730 03745 03759 03774 03788 ~7 
03903 03918 03932 03946 03961 1 
04075 04090 04104 04118 04132 2 
04247 04261 04275 04289 04303 3 
04417 04431 04445 04460 04474 4 
04587 04001 04615 04629 04643 T 
01750 04770 04784 04798 04812 1 
04921 04938 04952 04966 04980 2 
05092 05100 05120 05134 05148 3 
05259 05273 05286 05300 05314 4 
05425 05439 05452 054G6 05480 T 
05590 05004 05618 05632 05645 I 
05755 05769 05782 05796 05810 
05919 05933 05910 05960 05973 
06082 06090 06109 00123 06136 
00245 00258 00272 06285 06299 
00100 00420 00433 06447 06460 
06567 06581 06594 06608 06621 
00728 06741 00754 06768 06781 
00887 00901 00914 06927 06941 
07016 07060 07073 07086 07099 
07205 07218 07231 07244 07257 
07302 07375 07388 07401 07415 
07519 07532 07545 07558 07571 
07075 07688 07701 07714 07727 
07831 07841 07857 07869 07882 
07985(07998 08011 08024 08037 
08140 08152 08165 08178 08191 
08293,08300 08318 08331 08344 
08446 08458 08471 08484 08496 
08598 08010 08023 08636 08648 


00272 06285 < 
06433 06447 ( 
06594 06608 ( 
06754 06768 ( 
00914 06927 ( 
07078 07086 ( 
07231 07244 ( 
07388 07401 l 
07545 07558 ( 
07701 07714 ( 


08802 08875 68887 08900 08912 08925 08937 08950 2 
09012 09025 09037 09050 09062 09075 09087 09100 3 
09102 09174 09187 09199 09211 09221 09230 09249 4 
09311 09323 09335 09348 09300 09372 09385 09397 ~s~ 
09459 09171 09183 09490 09508 09520 09533 09545 1 
09006 09618 09031 09043 09655 09667 09680 09092 2 | 
09753 09705 09777 09790 09802 09814 09820 09838 3 I 
09899 09911 09924 09936 09948 09960 09972 09984 4 


s 


1 

S 

2 

5 

3 

8 

4 

10 

8 


1 

3 

2 

6 

3 

6 

4 

10 

s 
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3 

2 

5 

3 

8 

4 

10 

3 
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3 

2 
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3 

8 

4 

10 

8 
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2 

2 

5 

3 

7 

4 

10 
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TABLE XXX. 

CORRECTIOX or the moox’s apparent altitude. 


Horizontal Parallax. 


53' 

54' 

55' 

56* 

57' 

1 58' 

59 1 6<y 1 6i' 

* 


/ 

tt 

/ 

tt 

, 

// 

' 


f 

n 

t 

"r 

am ' 

V 

14 

6 

44 

57 

15 

49 

46 

41 

47 

33 

(8 

25 

49 

17p0 

951 

1 

14 

2 

44 

81 

45 

45 

16 

37 

47 

29 

48 

21 

49 

13^0 

5 50 

57 

43 

58 

14 

40 

45 

41 

46 

33 

17 

25 

48 

16 

49 

850 

050 

52 

43 

54 

44 

45 

45 

37 

46 

29 

47 

2048 

12 

49 

4 49 

55 50 

47 

13 

50 

44 

41 

45 

33 

46 

24 

47 

16 

48 

7 

48 

59 49 

5150 

42 

43 

45 

44 

37 

45 

28 

16 

20 

47 

11 

48 

3 

48 

54 49 

4650 

37 

43 

41 

44 

33 

45 

24 

46 

15 

47 

7 

47 

58 

48 

5049 

4150 

33 

13 

37 

11 

28 

15 

20 

16 

11 

47 

2 

47 

54 

48 

45 49 

36 50 

28 

48 

33 

44 

24 

145 

151 

46 

7 

46 

58 

47 

49 

48 

40 49 

32 50 

23 

43 

29 

44 

20145 

11 

46 

2 

16 

53 

47 

44 

48 

36 49 

27pO 

18 

43 

25 

44 

15 

45 

6 

16 

88 

46 

49 

17 

4048 

31 49 

2250 

18 

43 

20 

44 

11 

« 

2 

15 

53 


44147 

35 

48 

26 49 

1750 

8 


I Add for Sec. of Par. I Add Car 




o 023; 5 7 , „ 1 
10 9 10 12 14 16 0 
20 17 19 21 22 24 Y 111 
30 262812931133 i \ 

40 34 36 38 4041 o q 
50 |3 45 17,48 50 4 
01 0 2,^ “3 ~7i 5 8 
10 i 9 10 12i4 15 6 ; 
20 17 19 2022 24 7 7 
30 26 27 29 3 l >32 8 6 
40 34 36 3 8 39 41 9 6 ‘ 

50 1 :. M 16 4948 


































































































TABLE XXX.* 191 


Auxiliary Arcs.— Add 60 degrees to the m inute* and secon d s taken from the Table. 


J App. 

Horizontal Parallax. 

Add for Sec. of Par.! 


Alt. 

53' 

54' 

55' 

56' 

57' 

58' 

59' 

6ff 

61' 


0" 

2" 

4" 

6" 8" 


o / 

• // 

f II 

t H 

t H 

t •/ 

t tt 

r n 

t tt 

t tt 

tt 

tt 

" 

tt 

tt 

•t 


30 0 

14 21 

14 39 

14 57 

15 14 

15 32 

15 50 

16 7 

16 25 

16 43 

0 

0 

1 

1 

2 

0 


10 

14 26 

14 44 

15 1 

15 19 

15 37 

15 55 

16 13 

16 30 

16 48 

10 

3 

4 

4 

5 

5 


20 

14 30 

14 48 

15 6 

15 24 

15 42 

16 0 

16 18 

16 36 

16 53 

20 

6 

7 

7 

8 

8 


30 

14 35 

14 53 

15 11 

15 29 

15 47 

16 5 

16 23 

16 41 

16 59 

30 

9 

10 

10 

1111 


40 

14 40 

14 58 

15 16 

15 34 

15 52 

16 10 

16 28 

16 46 

17 4 

40 

12 

13 

13 

14 14 


50 

14 44 

15 2 

15 20 

15 39 

15 57 

16 15 

16 33 

16 51 

17 9 

50 

15 

16 

16 

17117 


31 0 

14 49 

15 7 

15 25 

15 43 

16 2 

16 20 

16 38 

16 56 

17 14 

0 

0 

1 

1 

2. 

2 


10 

14 53 

15 11 

15 30 

15 48 

16 7 

16 25 

16 43 

17 1 

17 19 

10 

3 

4 

4 

5 

61 

Add 

20 

14 58 

15 16 

15 34 

15 53 

16 11 

16 30 

16 48 

17 6 

17 25 

20 

6 

7 

7 

8 

9 

for Alt. 

30 

15 2 

15 21 

15 39 

15 58 

16 16 

16 35 

16 53 

17 11 

17 30 

30 

9 

10 

10 

11 12 

of 

40 

15 6 

15 25 

15 44 

16 2 

16 21 

16 40 

16 58 

17 16 

17 35 

40 

12 

13 

14 

14ll5 

Sun. 

50 

15 11 

15 30 

15 49 

16 7 

16 26 

16 45 

17 3 

17 22 

17 40 

50 

15 

16 

17 

17 

18 

0 tt 

32 0 

15 16 

15 35 

15 53 

16 12 

16 31 

16 49 

17 8 

17 27 

17 45 

0 

0 

1 

1 

2 

3 

3 8 

10 

15 20 

15 39 

15 58 

16 17 

16 36 

16 54 

17 13 

17 32 

17 51 

10 

3 

4 

4 

5 

6 

4 5 

20 

15 25 

15 44 

16 2 

16 21 

16 40 

16 59 

17 18 

17 37 

17 56 

20 

6 

7 

8 

8 

9 

5 4 

30 

15 29 

15 48 

16 7i 16 26 

16 45 

17 4 

17 23 

17 42 

18 1 

30 

9 

10 

11 

11 12 

6 3 

40 

15 34 

15 53 

16 12l 16 31 

46 50 

17 9 

17 28 

17 47 

18 6 

40 

13 

13 

14 

15 

15 

7 2 

50 

15 38 

15 57 

16 16jl6 36 

16 55 

17 14 

17 33 

17 52 

18 11 

50 

16 

16 

17 

18 

18 

8 2 

33 0 

15 43 

16 2 

16 21 16 40 

16 59 

17 19 

17 38 

17 57 

18 16 

0 

0 

1 

1 

2 

3 

9 2 

10 

15 48 

16 7 

16 26 16 45 

17 4 

17 24 

17 43 

18 2 

18 21 

10 

3 

4 

5 

5 

6 

10 2 

20 

15 52 

16 11 

16 30 

16 50 

17 9 

17 28 

17 48 

18 7 

18 26 

20 

6 

7 

8 

8 

9 

20 2 

30 

15 56 

16 15 

16 35 

16 54 

17 14 

17 33 

17 53 

18 12 

18 31 

30 

10 

10 

11 

12 

12 

30 3 

40 

16 0 

16 20 

16 39 

16 59 

17 18 

17 38 

17 57 

18 17 

18 36 

40 

13 

1414 

15 

15 

40 3 

50 

16 5 

16 24 

16 44 

17 3 

17 23 

17 43 

18 2 

18 22 

18 41 

50 

16 

17 

17 

18 

19 

50 4 

34 0 

16 9 

16 29 

16 48 17 8 

17 28 

17 47 

18 7 

18 27 

18 46 

0 

0 

1 

1 

2 

3 

60 4 

10 

16 13 

16 33 

16 53 

17 13 

17 32 

17 52 

18 12 

18 32 

18 51 

10 

3 

4 

5 

5 

6 

/u 0 

20 

16 18 

16 37 

16 57 

17 17 

17 37 

17 57 

18 17 

18 37 

18 57 

20 

7 

7 

8 

9 

9 

0 u 0 

30 

16 22 

16 42 

17 2 

17 22 

17 42 

18 2 

18 22 

18 42 

19 2 

30 

10 

11 

11 

12 

13 

uu d 

40 

16 26 

16 46 

17 6 

17 26 

17 47 

18 7 

18 27 

18 47 

19 7 

40 

13 

14 

15 

15 

16 


50 

16 31 

16 51 

17 11 

17 31 

17 51 

18 11 

18 32 

18 52 

19 12 

50 

17 

17 

18 

19 

19 


35 0 

16 35 

16 55 

17 15 17 36 

17 56 

18 16 

18 36 

IS 56 

19 17 

0 

0 

1 

1 

2 

3j 

Add 

10 

16 39 

17 0 

17 20 

17 40 

18 0 

18 21 

18 41 

19 1 

19 22 

10 

3 

4 

5 

5 

61 

for Alt. 

20 

16 44 

17 4 

17 24 

17 45 

18 5 

18 26 

18 46 

19 6 

19 27 

20 

7 

7 

8 

9 lOll ot 

30 

16 48 

17 8 

17 29 

17 49 

18 1018 30 

18 51 

19 11 

19 32 

30 

10 

11 

12 

12 

13 

Star. 

40 

16 52 

17 13 

17 33 

17 54 

18 14 

18 35 

18 55 

19 16 

19 37 

40 

14 

14 

15 

16 

16 

0 n 

50 

16 57 

17 17 

17 38 

17 58 

18 19 

18 40 

19 0 

19 21 

19 41 

50 

17 

18 

18 

19 

20 

3 8 

36 0 

17 1 

17 22 

17 42 

18 3 

18 24 

18 44 

19 5 

19 26 

19 46 

0 

0 

1 

1 

2 

3 

4 5 

10 

17 5 

17 26 

17 47 

18 7 

18 28 

18 49 

19 10 

19 30 

19 51 

10 

4 

4 

5 

6 

6 

5 4 

20 

17 9 

17 30 

17 51 

18 12 

18 33 

18 53 

19 14 

19 35 

19 56 

20 

7 

8 

8 

9 

10 

6 3 

30 

17 13 

17 34 

17 55 

18 16 

18 37 

18 58 

19 19 

19 40 

20 1 

30 

11 

11 

12 

13 

13 

7 2 

40 

17 18 

17 39 

18 0 

18 21 

18 42 

19 3 

19 24 

19 45 

20 6 

40 

14 

15 

15 

16 

17 

8 2 

50 

17 22 

17 43 

18 4 

18 25 

18 46 

19 8 

19 29 

19 50 

20 11 

50 

18 

18 

19 

20 

20 

9 1 

37 0 

17 26 

17 47 

18 9 

18 30 

18 51 

19 12 

19 33 

19 54 

20 15 

0 

0 

1 

1 

2 

3 

10 1 

10 

17 31 

17 52 

18 13 

18 34 

18 55 

19 17 

19 38 

19 59 

20 20 

10 

4 

4 

5 

6 

6 

20 0 

20 

17 35 

17 56 

18 17 

18 39 

19 0 

19 21 

19 42 

20 4 

20 25 

20 

7 

8 

9 

9 

10 

30 0 

30 

17 39 

18 0 

18 22 

18 43 

19 5 

19 26 

19 47 

20 9 

20 30 

30 

11 

11 

12 

13 

13 

40 0 

40 

17 43 

18 4 

18 26 

18 47 

19 9 

19 31 

19 52 

20 13 

20 35 

40 

14 

15 

16 

16 

17 

50 0 

50 

17 47 

18 9 

18 30 

18 52 

19 14 

19 35 

19 57 

20 18 

20 40 

50 

18 

19 

19 

20 

21 

60 0 
70 0 

38 0 

17 51 

18 13 

18 35 

18 56 

19 18 

19 39 

20 1 

20 23 

20 44 

0 

0 

1 

1 

2 

3 

80 0 

10 

17 55 

18 17 

18 39 

19 1 

19 22 

19 44 

20 6 

20 27 

20 49 

10 

4 

4 

5 

61 7 

no 0 

20 

18 0 

18 21 

18 43 

19 5 

19 27 

19 49 

20 10 

20 32 

20 54 

20 

7 

8 

9 

9 10 

30 

18 4 

18 26 

18 48|19 9 

19 31 

19 53 

20 15 

20 37 

20 59 

30 

11 

12112 

13 

14 


40 

18 8 

18 30 

18 5219 14 

19 36 

19 58 

20 20 

20 42 

21 4 

40 

15 

15 

16 

17 

17 


50 

18 12 

18 34 

18 56 

19 18 

19 40 

20 2 

20 24 

20 4621 8 

50 

18 

19 

*2< 

2C 

21 


39 0 

18 16 

18 38 

19 0 

19 22 

19 44 

20 7 

20 29 

20 51 21 13 

0 

C 

1 

1 

2 

3 


10 

18 20 

18 43 

19 5 

19 27 

19 49 

120 11 

20 33 

{20 55121 18 

10 

4 

4 

I . f 

6 

7 


20 

18 24 

18 47 

19 9 

19 31 

19 54 

20 U 

120 38 

21 021 22 

20 

4 

8 

9 U 

1C 


30 

18 28 

118 51 

19 13 

19 35 

19 58 

20 2( 

>20 43 

21 5 21 27 

30 

11 

IS 

113 K 

14 


40 

18 33 

18 53 

19 17 

19 40 

20 2 

20 25 

120 47 

21 921 32 

40 li 

1( 

16|13 

'18 


50 

18 37 

18 5S 

19 2 2 

>19 44 

20 ; 

20 2f 

120 51 

21 14|21 38 

1150 

II! 

;i< 

m 

>12122 



Add for Minute* / 1' S' S' 4^ 5' 6' T 8' 9 r 

of Moon * AIL X 0" 1" 1" %*• »" »" 4 7/ 4" 









TABLE XXX. 

correction or tiie moon’s apparent altitude. 


53' I 54' 


Horizontal Parallax. 

1 I 66* 157' I 5W T 


0 39 1840 4 40 50 41 36 42 22 43 8 43 54 44 4045 26 0 0 1 3 51 6 

10 39 1239 58 40 44 41 30 42 16 43 2 43 48 44 34 45 19 10 8 9 11 12114 

20 39 739 5340 3941 24 42 1042 5643 41 44 27 45 13 20 15 17 182o21 

30 39 1 39 47 40 33 41 18 42 4 42 50 43 35 44 21 45 7 30 23 24 26 27 29 

40 38 5639 41 40 2741 1241 5842 43 43 2944 1445 0 40 3032333536 
50 138 51139 3640 21 41 641 5242 37 43 2344 8 44 53 50 3840 11 4344 


Add for Sec. of Par.jj 
0"I2" 4" 6"]8''j| 

n ti | h ~*i 7T I 

0 0 1 3 5 6*1 

10 8 9 11 12 14 



041 4642 
54 41 4042 
48 41 33 42 
42 41 27 42 
36 41 21 42 
3041 1541 


31 43 16 44 
25 43 10 43 
18 43 3 43 
12 42 57 43 
6 42 50 43 


59 42 44 43 


47 0 0 1 3 4 6 

40 10 7 9 10 1213 
33 20 15 16 18 19:21*1 

27 30 22 24 25 27 281 
20 40 3013! 

13 50 37 39^10 49431 















































































































































































































TABLE XXX. 

CORRECTION OF THE MOON*S APPARENT ALTITUDE. 


33 6 33 

132 59133 
32 53 33 

32 46 33 
32 3933 
32 32 33 
32 25 33 
32 18 32 
32 1132 
32 4 32 
31 57 32 
31 5032 
31 43 32 
31 3632 
31 2932 
31 2231 
31 1531 
31 831 
31 131 

30 53 31 
30 4631 
30 3931 
30 3231 
30 25 31 
30 1830 
30 1130 
30 3 30 
29 5630 
29 4930 
29 4230 


Horizontal Parallax._| 

>4' | 55' | 56' | '57' W 59* 6(/ 61' 

TTi t W ”7 7T ~ n’ t it i 7T i n i it i 

4534 2335 235 4136 1936 5837 3638 15 

38134 10i34 55 35 33 36 12 36 50 37 29 38 7 

31 31 9 31 4835 2636 4 36 4237 2137 59 

24 34 234 4035 1835 5736 3537 1337 51 

1733 55|34 3335 1135 4936 2737 537 43 

1033 48 34 26 35 4 35 4236 1936 57 37 35 

333 41 3 f Ts 3 f 56 35 31 [36 1236 4937 27 
56 33 33 34 11 31 49 35 26 36 136 4237 19 

49 33 26 34 4134 41 35 19 35 5636 34 37 11 

42 33 1933 5634 34 35 1135 4936 2637 3 

35 33 12 33 49 34 2635 3 35 4136 1836 55 

27 33 4 33 42 34 1934 5635 3336 1036 47 

"2032 5733 3434 1134 4835 2536 236 39 

1332 5033 2734 334 4035 1735 5436 31 

632 4333 1933 5634 3335 935 4636 23 

59 32 35 33 12 33 4834 25 35 135 38 36 14 

5132 2833 4 33 4134 17 34 5335 3036 6 

4432 2032 5733 3334 934 4535 2235 58 

~3732~T332 4933~2534 134 3835 1435 50 

3032 632 4233 1833 5434 3035 535 41 

2231 5832 34 33 1033 4634 2234 5735 33 

15 31 51 32 26 33 2 33 38 34 14 34 4935 25 

831 4332 1932 5433 3034 534 4135 17 

031 3632 1132 4733 2233 5734 3335 8 

• 5331 2832 3 32 39 33 14 33 4934 25 35 0 

• 4631 2131 5632 3133 633 4134 1634 52 

• 3831 1331 4832 2332 5833 3334 834 43 

• 3131 631 4132 1532 5033 2534 034 35 

• 2330 5831 3332 832 4233 1733 5234 26 

31 2532 032 3433 933 4334 18 


37 32 13 32 
3032 6 32 

22 31 58 32 
15 31 5132 

831 43 32 
031 36 32 
5331 2832 
4631 21 31 
3831 1331 
3131 631 

23 30 5831 
1630 5131 


Add for Sec. of Par.{| i 
0" 2"|4" 6" 8*1 1 
n n it n u n 

0 0 1 3 4 5 

10 6 8 91011 

20 13 14 15 17 18 

30 1 

40 2;> 27 2S 29 31 
50 3-J33 ;; j ■ 

“0' _ o’T~*j _ 4l~5J| 1 

10 6 7 91011 1 
20 1214 15 16 17 
30 1912021 22 1 

40 _*:> ’ ■ 

50 31 32 3 l 

5 “ 

10 6 7 91011 
20 12 13 15116 17 4 

30 18 19 21 22 23 
40 24 26 27 28 29 
50 3032 33 34 35 ■ 

10 6 7 81011 ; 

20 12 13 14 15 17 ! 

30 18192021 23 J 
40 24 25 26 27 29 \ 
50 3031 132 33 35 ' 
0 0 12 3 5“ 
10 6 7 8 9 lOj 
20 12 13 14 15 16 < 
30 17 192021 22 
40 23 24 26 27 28! ‘ 
50 129 30131132 



0 26 3427 527 3528 628 3729 8 29 39 30 1030 41 0 0 1 2 3 4 

10 26 26 26 57 27 27 27 58 28 29 29 029 3030 1 30 32 10 5 6 7 8 

20 26 18 26 49 27 1927 5028 21 28 51 29 2229 5230 23 20 10 11 12 1314 
30 26 10 26 41 27 11 27 42 28 12 28 43 29 13 29 44 30 14 30 15 1617 18 19 

40 26 3 26 33 27 3 27 34 28 4 28 34 29 4 29 35 30 5 40 20 21 22 23 24 

50 25 55l26 25 26 55 27 25 27 56 28 26 28 56 29 26 29 56 50 25 26127 28 29 










































































































































































37 26 5 26 
29 25 57 26 
20 2.') 18 26 
12 25 4026 

3 25 31 25 
55 25 22 25 
4625 US5" 

38 25 5 25 
29 24 56 25 
21 24 48 25 
1224 39 25 


55 24 21 24 
47 24 13 24 
38 24 4 24 
29 23 55 24 
21 23 46 24 
12 23 38 24 


3027 58 
21 27 49 
12 27 40 
3 27 30 
5427 21 
44 27 12 
35 27 3 
26 26 53 
17 26 44 
8 26 35 


0 0 1 2 3 4i 
10 5 6 6 7 8 
20 9 1011 12.131 
30 14 15 16 17118' 


40 18192021 22 
50 23 24 25 26 271 

1 o i nil 

10 4 5 6 7 8 
20 9 10 11'12 12 
30 13 14 15 16171 


25 5926 25 40 18 19H 


14 25 40 26 7 
5 25 31 25 57 
56 25 2225 48l 
47 25 1325 38 
38 25 3 25 29 
29 24 54 25 20 


50 122>23 24 25 261 
0 0 1 2 ( 3 3 
10 4 5 6 7 8 
20 9 9 1011 12 I 
30 13 14 15 15 16 
40 1718 19 2021 
50 22 22 23 24 25 



68 0 19 18 19 41 20 3 20 
10 19 10 19 32 19 54 20 
20 19 1 19 24 19 46 20 
30 18 53 19 15 19 37 19 
40 18 45 19 619 28 19 
50 18 36 18 5819 20 19 

69 0 18 2818 49 TaTn 19“ 
10 18 1918 41 19 219 
20 18 1018 32 18 53 19 
30 18 218 2318 44 19 
40 17 54 18 15 18 36 18 
50 17 45 18 618 27 18 


1112121314 1 9 

1515 1617 18 2 8 
18192020211 3 7 

'ori i "2 3 \ £ £ 
41 4 5 6 6 ^ f 
7 8 8 9 lO; ® f 
1111 1213 13, ' Z 
1415 15 1617 £ % 
18 18 19 20 20 * * 














































































TABLE XXX.* 197 

Auxiliary Arcs.— Add 60 degrees to the minutes and seconds taken from the Table. 





65 0 26 
10 120 
20 |26 
30 26 
40 26 
:>0 26 


66 0 26 
10 26 
20 26 
30 26 
40 26 
50 27 
67 0 27 
10 27 
20 27 
30 27 
40 27 
50 27 


68 0 27 
10 27 
20 27 
30 27 
40 27 
50 27 
69 0 27 
10 27 
20 27 
30 27 
40 27 
50 27 


26 55 

27 26 

27 57 

28 28 

28 59 

29 31 

30 2 30 33 

0 

0 

1 

2 

26 57 27 29 

28 0 

28 31 

29 2 

29 33 

30 4 

30 35 

10 

5 

6 

7 

27 027 31 

28 2 

28 33 

29 5 

29 36 30 7 

30 38 

20 

10 

11 

12 

27 2 

27 33 

28 5 

28 36 

29 7 

29 3830 9 

30 41 

30 

16 

17 

18 

27 4 

27 36 

28 7 

28 38 

29 9 

29 41 

30 12 

30 43 

40 

21 

22 

23 

27 7 

27 38 

28 9 

28 41 

29 12 

29 43 

30 14 

30 46 

50 

26 

27 

28 

27 9 

27 40 

28 12 

28 43 

29 14 

29 46 

30 17 

30 48 

0 

0 

1 

2 

27 11 

27 43 

28 14 

28 45 

29 17 

29 48 

30 20 

30 51 

10 

5 

6 

7 

27 13 

27 45 

28 16 

28 48 

29 19 

29 51 

30 22 

30 53 

20 

10 

12 

13 

27 16 

27 47[ 

28 19 

28 5029 22 

29 5330 24 

30 56 

30 

16 

17 

18 

27 18 

27 4928 21 

28 52 

29 24 

29 55 

30 27 

30 58 

40 

21 

2223 

27 20 

27 52,28 23 

28 55 

29 26 

29 5830 29 

31 1 

50 

26 

27, 

28 


51 27 22 27 
53 27 24 27 
55 27 27 27 
57 27 29|28 
59 27 3128 
1 27 33 28 


54.28 25 28 57|29 

56.28 28 28 5929 
58 28 30 29 2 29 

0 28 32 29 4 29 
228 34 29 629 
528 3729 829 
7 28 39 29 1029 
9 28 41 29 13 29 
1128 43 29 15 29 
13 28 45 29 17 29 
15 28 47 29 19 29 
17 28 49 29 21 29 


19 28 51 29 23 29 
2128 53 29 26 29 
23 28 55 29 2830 
25 28 57 29 3030 
27 28 59 29 3230 
2929 2 29 34 30 
3129 4 29 3630 
33 29 6 29 3830 
35 29 8 29 4030 
37 29 9 29 4230 
3929 11 29 44 30 
4129 13 29 46(30 
Add for Minutes / 1' 
of Moon’s Alt I 0' 


q i w » 

O 1 70 5 

U1S S» 

19 20 yu 5 
24 25 
29 30 

3 4 Ad <* 

8 9 for Alt. 

14 15 0 of 
19 20 Star. 
24 25 o tt 


1 2 3 4 4 5 

3l|30 330 3431 6 10 5 6 7 8 10 5 4 

3330 530 3631 8 20 11 121314 15 6 3 

3530 730 3931 11 30 1617181920 7 2 

38 30 1030 4131 13 40 21 22 23 24 25 8 2 

4030 1230 4431 16 50 2628293031 9 1 

4230 1430 4631 18 Til 2~3 4 ™ 1 
45 30 1630 4831 20 10 5 6 7 910 f 0 

47 30 1930 5031 22 20 11 1213 14 15 *0 0 

49 30 2130 53 31 25 30 16 171819 20: 0 

5130 2330 55 31 27 40 212223 25 26! ™ X 

5330 25 30 5731 29 50 27 28 29 30 311 5° 0 


55 30 2831 031 32 0 0 1 2 3 4 
5830 3031 231 34 10 5 6 8 910 
030 3231 431 36 20 11 121314 15 
230 3431 631 38 30 16 17,181920 
4 30 3631 8 31 40 40 21 22 24 25 26 
630 3831 1131 43 50 27 28293031 
"lr30 4031 1331 45 0 1T111 

1030 4231 15 31 47 10 5 6 8 910 
1230 4531 1731 49 20 11 1213 14 15 
1430 4731 1931 51 30 1617 181921 
1630 4931 2131 53 40 22 23*24 25 26 
1830 5I|31 2331 55 50 27282930|31 

2 ' V K< 5 1 6' V 8' 9 

’/ o n l'i l// \n a 7/ 9" 2'' 







































































TABLE XXX. 


CORRECTION OF THE MOON 8 APPARENT ALTITUDE. 


3 > ___ 

Alt. 53' I 64' | 55 


Horizontal Parallax. 

Hltf I 57' I 58' 59' I 60' I 61' 

u\ t ft t // 7i t n\l H | t n 


70 0 17 37 17 
10 17 2817 
20 17 1917 
30 17 11 17 
40 17 3 17 
50 16 55 17 

71 0 16 4617 
10 16 37 16 
20 16 29 16 
30 16 2016 
10 16 12 16 
50 16 3 16 


1818 3818 
9 18 29 18 
018 2018 
51 18 11 18 
43 18 218 
34 17 53 18 
25 17 44 18 
1617 35 17 
7 17 26 17 
58 17 17 17 
4917 817 
40 16 5917 


Add for Sec. of' Par- for 

61' 0"|2"4"6*' 

/ n n n h h * | ) 

120 21 0 0 1 1 2 3,## 

5120 11 10 3 4 5 5 6 0 , 0 

4120 1 20 7 7 8 9 9 1 a 

32 19 52 30 1011 11112 13)! 2 8 
2219 42l 40 1314 15,15 16; 3 7 
1219 32 50 1717 18.19 191 4 $ 

2 19 22 0 0 1 1 

53 19 12 10 3 4 4 5 6(1 6 4 

4319 2, 201 6 7 8: 8 9| 7 4 

33 18 52 30 ,101011 11 12 8 3 

23 18 42, 40 13 13 14 15 15.1 9 2. 

14 18 32 50 1616 17,18 18 























































































TABLE XXX.* 199 

Auxiliary Arcs.— Ad d 60 degrees to the minutes and seconds taken from the Table. 
j App! Horizontal Parallax. Add for Sec. of Par. 

Alt. 53' I 54 y i 55' 5 & I 57' 5? 5tP 60? 6 V ~ 0" 2" 4" 6" 8" 

"o 7~ • ft t in i n i n\ • n / // t it / // / n // n tt n // ~ 

10 0 27 38 28 lo'28 43 29 15 29 48 30 2030 5331 25 31 57 0 0 1 2 3^ 4 

10 27 4028 1228 45 29 17 29 5030 2230 5531 27 31 59 10 5 6 8 9 10 

20 27 41 28 1428 4629 1929 5230 2430 5731 2932 1 20 11 12 13 14 15 

30 27 43 28 1628 48 29 21 29 5430 2630 5931 3132 3 30 1617 181921 
40 27 45 28 1828 5029 2329 5530 2831 031 3332 5 40 222324 25 26 


12 34 
6 8 910 


40 27 45 28 18 28 50 29 23 29 55 30 2831 
50 27 4728 1928 52l29 24 29 5730 3031 
”0|27 48 28 2128 54 29 26 29 5930 3231 
10 127 50 28 23 28 55|29 28 30 1 30 34 31 
20 27 52:28 24 28 57:29 30 30 330 35 31 


40 22123 24 25 26 


29 57B0 3031 231 35 32 7 50 27 28 29 3031 
29 5930^2i31 431 37 32 9 “o 0 1 014 


130 34 31 631 3932 11 10 5 7 8| 910 Add 

330 35 31 831 4132 13 20 11 1213 14 15 for Alt. 

30 27 53 28 26’28 5929 32|30 4 30 37 31 1031 4332 15 30 16 17 19:20|21 of 

40 27 55 28 2829 1 29 3330 6|30 3931 1231 4432 17 40 222324 25 26 Sun. 

50 27 5728 2929 229 3530 830 4131 1431 4632 19 50 272829:3132 o ,t 


0 27 5828 31 29 4 29 37 30 1030 4231 1531 4832 21 0 0 1 2 3| 4 

0 28 028 3329 6 29 3830 1130 4431 1731 5032 23 10 6 7 8 910 

10 28 1128 34 29 7 29 40 30 13 30 46 31 1931 52 32 25 20 11 12 13 14 15 

i0 28 3 28 3629 9 29 42 30 15 30 48 31 2131 54 32 27 30 16 1819 20 211 

0 28 5 28 37 29 11 29 44 30 1730 4931 2231 55 32 28 40 222324 2526 
0 28 628 3929 1229 4530 1830 5131 2431 57 32 30 50 27 293031i32|| 


0 28 828 4129 14 29 4730 2030 5331 2631 59 32 32 

10 28 9 28 42 29 15 29 48 30 2130 54|31 2732 0 32 34 

20 28 11 28 44 29 17 29 50|30 23 30 563 1 29132 2 32 35 


9 32 32 0 0 1 2 3 4 9 
032 34 10 6 7 8 910 10 
2 32 35 120 11 121314 15 20 


30 28 12 28 45 29 19 29 5230 2530 58 31 3132 4 32 37 30 Il6ll8 19120121 I 30 


40 28 14 28 47 29 20 29 53 30 2630 59 31 33 32 


50 28 15 28 4829 22 29 55 30 28^1 

~“0 |28 16 28 5029 23 29 56 30 30 3T 

10 28 1828 51 29 24 29 5830 3131 431 3732 1032 44 10 6 7| 8 9 10| * 

20 28 1928 5329 2629 5930 3231 631 3932 1232 45 20 11 1213 14 16 ™ £ 

30 28 21 28 54 29 27 30 1 30 34 31 731 4032 14 32 47 30 17 1819 20 21 1 yu 0 

40 28 2228 5529 2930 230 3531 9*31 4232 15 32 49 40 222324 2527 

50 *28 24 28 57 29 30]30 4 30 3731 1031 44 32 17 32 50 50 28 29303132 

~0 28 25 28 58 29 3230 5 30 38 3 0 2 31 4532 1832 52 0 0 I 2 3 4 Add 

10 28 2629 0 29 33 30 630 4031 1331 4732 2032 53 10 6 7 8 9 10 forAlt 

20 ‘28 28 29 1 29 3430 830 4231 1531 4832 21 32 55 20 11 1213 14 16 c of 

30 128 2929 229 3630 930 4331 1631 5032 2332 56 30 17 18192021 Stau * 
40 |28 3029 429 3730 11 30 4431 1831 5132 24 32 58140 2223242627 ° " 

50 28 3229 529 38|30 1230 4631 1931 5232 2632 59 50 2829|30|31 1 32i 3 g 


131 3432 
331 36,32 


6 32 39 1 40 2223 24 25 26 40 

7 32 40 50 27 29i3O31i 32||&0 
9 32 42|“0 0 1| 2j 3 4 


0 28 33 29 6 29 40 30 13 30 4731 2031 54 32 27 33 
10 28 34 29 829 4130 1530 4831 2231 5532 2933 2 10 6 7 8 9 10 5 4 

20 28 3529 929 4230 1630 5031 2331 5632 3033 3 20 11 1213 15 16 6 3 

30 28 37 29 1029 44 30 1730 5131 2531 5832 3233 5 30 17 18 192021 7 2 

40 28 3829 1129 4530 1830 5231 2631 5932 3333 7 40 222325 2627 8 2 

50 28 39 29 13 29 46 30 20 30 53 31 27 32 132 34 33 8 50 28 29 30 3182 9 1 

0 28 4029 1429 4830 2130 553T2832~232 3633~9 “0 0 1 2 3 4 ™ \ 

10 28 41 29 15129 4930 23 30 5631 3032 332 3733 11 10 6 7 8 910 ™ JJ 

20 28 43 29 1629 5030 24 30 5731 3132 532 3833 12 20 11 1213 15 16 JJ 

30 28 44 29 17|29 5130 25 30 5931 32 32 632 39 33 13 30 17 1819 20 21 JJ 

40 28 4529 19129 5230 2631 031 3332 732 4133 15 40 222325 2627 ™ n 

50 28 46 29 20 29 54 30 27 31 131 35 32 8 32 4233 16 50 28 293031 321 J! 

“0I28 4729 2129 5530 2831 23lT3632T032 4333 17 “0 0 1 ST| 4 | gn 0 

10 28 4829 2229 5630 3031 331 3732 1132 45 33 18 10 6 7 8 OlOinn 0 

20 28 49 29 23 29 57 30 3131 4 31 38 32 1232 46 33 19 20 11 121315 16 

30 28 5029 24 29 5830 3231 531 3932 1332 47 33 21 30 17 18 192021,, 

40]28 5129 25 29 5930 3331 731 4032 1432 4833 22 40 2324252627 
50 28 5229 2630 030 3431 831 4132 1532 4933 23 50 2S 29303233 
0 128 5329 27 30 1 30 35 31 9 3T~43 32 16 32 50 33 24 0 0 1 2 3 4 

10 ,28 54 29 2830 230 3631 10131 44 32 1832 5133 25 10 6 7 8 910 

20 28 55129 2930 330 37 31 1131 45 32 19)82 5333 26 20 11 12 13ll5 10 

30 28 5629 3030 430 3831 1231 4632 2032 5433 27 30 17 18192021 

40 28 57129 31 30 5130 39 31 1331 47(32 21 32 55 33 29 40(23124 25 26 27 

50 28 58 [29 32 30 630 4031 1431 48 32 2232 56 33 30 50 28 29,30 321331 


1 0 0 1 2 3 4 

2 10 6 7 81 9 101 

3 20 11 1213 15 161 
5 30 17 18 19120211 

7 40 22 23 25 26 27 

8 50 28 ^30 31132 | 

9 0 oj 1 * 3|4 


10 28 48 29 22 29 5630 3031 
20 28 49 29 23 29 57 30 31 31 
30 28 50 29 24 29 5830 32 31 
40 |28 51 29 25 29 5930 33 31 
50 28 52 29 26 30 030 34 31 
79 0(28 53 29 27 30 130 35 31 


Add for Minutes ( 
<jt Moon’s AIL ^ 


2' 3 A 5' 8 ' T 8 ' 9 
' 0 " O'' 1 1* l" \‘> 1" l" 1" 








































































































































































































































































102 TABLE XXXI. 

Logarithms for finding the Apparent Time or Horary Angle. 

0 Hour. _ ^ _ 

I U* | 5* I L0* I 15- | 20» | 25' | 30* | 35* | 40* | 45* | 50* | 55» 



88 72674 73355 74U3I 74702 75367 8 
79888 80515 81137 8175G 82369 82979 I | 
87129 87706 88279 88848 89414 89976 2 ' 
93812 94346 94877 95405 95930 96451 3 I 
00017 00514 01009101501 01990 02476 4 I 


.02960 03441 03920 04395 04869 05339 05807 06273 06736 07196 07655 
08504 09015 09464 09910 10354 10796 11236 11673 12108 12541 12972 
13827 14252 14674 15095 15513 15930 16344 16756 17167 17575 17982 
18790 19191 19590 19987 20383 20770 21168 21558 21947 22333 22719 
23483 23863 24241 24618 24993 253G6 25738 26108 26477 26844 27210 
.27936128297 128656 29014 2937l|29720 30079 30431 30782 31131 31479 
32171132515 32857 33198 33538 33876 34213 34549 34884 35217 35549 
36209 36537 36864 37189 37514 37837 38159 38480 38800 39118 39435 
40067140380 40693 41005 41315 41625 41933 42240 42546 42851 13155 
43700 44061 44361 44659 44957 45254 45549 45844 46138 46430 46722 


g 47591 |47879 481GG 

>50983 51200 51536 
>54247 54514 54780 
\ 57393 57650 57906 

> 60428(60676 60924 
) 63360 63600 63839 
I 66196 00429 66660 
r 68942 69167 69392 

> 71604 71822 72040 
174186 74398 74609 
f 76693 70898 77104 
>79129 79329 79529 
181498 81693 81887 
189804 89994 84183 
>86050 8623 > 86419 


48452 48737| 
51811 520851 
55045 55308 
58162 58416 
6117061417 
64078 64316 
6689167121 
69616 69839 
72257 72473 
7481975030 


49021 49304 
52358 52631 


G16G2 01907 


64553 64790 


07351 6758U 
70061 70283 
72689 72904 
75239 75448 


49586 49867 50148 
52902 53173 53443 
56096 56357 56617 
59176 59428 59679 
62151 62391 9*2636 
65026 65261 05 UN, 
G7809 6S037 682G4 
70505 7072G 709461 
73119 73334 73548 
75657 75865 7G073 


>88240 88419 
i 90374 90550 

> 92 457 92629 
I 94491 94659 
>96478 96642 
) 98421 98580 
4 00320 00476 
>02178 02331 
f 03997 04147 
I 05778 05925 

> 07523 07667 
i 09233 09374 
i 1091011048 
) 12555 12691 

> 14109 14302 
I 15752 15883 
3 17307 17436 
* 18835 18961 
I 20335 20459 
3 21810 21932 


77104 77308 77513 77716 77920 78122 78325 78526 
79529 79728 79926 80124 80322 80519 80716 80912 
81887 82081 82274 82167 82659 82851 83043 83234 
84183 8437 2 8 4560 847 47 84935 85122 85308 85494 
86419 86603 86786 86969 87152 87334 87516 87697 
88599 88778 88957 89135 89314 89491 89668 89846 
90725 90900 91074 91218 91422 91596 91769 91941 
92800 92970 93141 93311 93480 93650 93819 93987 
94826 94992 95159 95325 95 491 95656 95821 95986 
96805 96968 97131(97293 97455 97017 9777b 97939 
08740 98899 99058 99217 99S75 99534 99691 99849 
00632 00788 00944101099 01254 01409 01563 01717 
02484 >2636 02789 029 41 03092 03244 03395 03546 
04297 04446 04595 04744 04892 05041 05189 0533G 
06072 06218 00364|00610 06G55 06800 06945 07090 
07811 07954 08097 082 40 08383 08525 08667 08809 
09515 09656 09796 09936 1007G 10216 10355 10494 
11187 11324 11462 11599 11736 11873 12010 12147 
12826 12961 13096 13231 13366 13500 13631 137G8 
14434 14567 14700 14832 14964 15096 1522b 15359 
16013 16144 16274 16404 16533 16663 16792 16921 
17564 17692 17820 17947 18074 18202 18329 18456 
19087 19212 19338 19463 19588 19713 19838 19963 
20583 20706 20830 20953 21076 21198 21321 21444 
2*2053 22175 22296122417 22538 2*2658 22779 *22899 


08110 S 
13401 1 
18387 2 
23102 3 
27573 4 
31826 s 
35879 1 
39752 2 
43458 3 
47013 4 
50427 8 
53712 1 
56876 2 
59929 3 
[6287 8 4 
65730 ~ 
68491 1 
71166 2 
737GO 3 
76280 4 
78728 T~ 
81108 1 
83424 2 
85680 3 
87878 4 
90022 s 
92114 1 
94156 2 
96150 3 
98100 4 

00006 T 

01871 1 
03697 2 
05484 3 
07235 4 
08951 T~ 
10633 1 I 
12283 2 I 
13902 3 
15490 4| 
17050 T” 
18582 1 
20087 2 
21566 3 
23019 4 










































TABLE XXXI. 20J 

Logarithms for finding the Apparent Time or Horary Angle. 
_1 Hour. 

« 0* 6* 10* 15* 20* 25* ^30* 35 s 40* 45* 50* 65* ProTp 

0 8.23140 23250 23370 23499 2361b 23737 23856 23975 24094 24212 24331 24449 

1 24507 24085 24802 24920 25037 25155 25272 25389 25505 25022 25738 25855 1 2 

2 25971 20087 2G203 26318 2G434 26549 20604 20779 20894 27009 27123 27238 2 4 

3 27352 27460 27580 27094 27807 27921 28034 28147 28260 28373 28480 28599 3 7 

4 28711 28823 28935)29047 29159 29271 29383 29494 29005 29710 29827 29938 4 9; 


8.30049 30159 2 
31300 31475 2 
32603 32770 2 
33940 34046 2 
35199 35303 2 
” 8730439 36542 2 
37002 37703 2 
38800 38906 2 
40055 10153 4 
41220 41323 4 
8.42382 42177 I 
43522 43610 4 
44047 44740 4 
45757 45849 4 
40852 46943 4 

’ 8.47934 48021 I 
49002 49090 4 
50056 50144 5 
51098 51184 5 
52127 52212 5 
’ 8.53143 53227 5 
54147 54230 5 
5513955221 5 
50120 56201 5 
57089 57169 5 
8.68017 58120 5 
58994 59073 5 
59931 !g 0009 6 
00857 00934 0 
01773;61849 (i 
’8.6267962755 6 
03576 63G50 0 
04463 04536 6 
65340 65412 6 
66208 66280 0 
’8.67067 67139 6 
07918 67988 C 
68759 68829 G 
69593 69662 6 
70418 70486 7 
~ 01234 71302 7 
72043 72110 7 
72844 72910 7 
73637 73703 7 
74423 74488 7 
8.75201 75265 7 
75971 76035 7 
76735 76798 7 
77192 77554 7 
78241 78303 7 
’8.78984 79045 7 
79720 79781 7 
80119 80510 6 
81172 81232 8 
81889 81948 8 


0 30380 30490 
3 31692 31800 
7 32984 33091 
1 34257 31362 
7 35511 35614 
1 36746 36849 
1 37961 38065 

6 39165 39204 
1 40349 40447 
0 41517 41613 
3 42668 42764 
0 43804 13S98 

3 44926 15018 
0 46032 46124 

4 47124 47215 

3 18202 48292" 
9 49267 49355 -! 
1 50318 50405‘ 
0 51356 51442.: 

7 52382 52467 i 

1 53395 53479 ; 
3 54390 54479 t 

3 55385 55467 l 

2 56363 56444 t 
9 57330157410: 

5 58285 58364 : 
1 59230 59308.* 

6 00161 60241 ( 

1 01087 01104 ( 
5 62001 62076 ( 
0 62904 62979 ( 

4 63798 63872 ( 
9 64683 64756 ( 

5 65558 65630 ( 

2 66424 66496 ( 
9 07281 67352 < 
9 68129 68199 t 
9 68969 69038 ( 
1 G9800 69869 ( 
4 70G23 70691 1 


30600 30710 30820 30929 31039 31148 31257 
31909 32016 32125 32233 32340 32448 32550 
33198 33304 33410 33517 33623 33729 33S35 
34467 34572 34677 34782 34886 34991 35095 
35718 35821 35925 36028 36131 36234 36337 


36951 37053 37151 37256 37358 37459 37560 
38160 38260 38360 384G7 38507 38667 38767 
39364 39163 39562 39660 39759 39858 39956 
40545 40642 10740 40837 40935 41032 11129 
41710 41806 41902 41998 42094 12191 42286 
42859 42954 13049 43144 1323b 43333 43427 
43992 44086 44180 44273 44367 44460 44554 
45111 45204 45296 45388 45481 45573 45665 
46215 4630C 46398 46489 46580 4G671 40762 
47305 47395 47485 17575 17665 47755 47844 

48381 48470 48559 18647 18736 48825 48913 
49443 49531 49619 19700 49794 49882 19969 
50492 50579 50665 50752 50839 50925 51012 
51528 51614 51699 51785 51871 51950 52041 
52552 52636 52721 52805 52890 52974 53059 
53563 53646 53730 53814 53897 53980 54064 
54562 54645 54727 54810 54892 54975 55057 
55549 55631 55713 55794 55876 55957 56038 
56525 56606 50687 56767 56848 56928 57009 
57490 57569 57649 57729 57809 57888 57968 
58443 58522 58601 58680 58759 58837 58916 
59386 59464 59512 59620 59098 59770 59853 
60318 00395 00473 00550 00027 60701 60781 
61240 01317 61393 61469 61545 61021 61G97 
62152 02228 62303 62379 62154 62529 62604 
03054 63129 63203 63278 03353 03427 03502 
03910 04020 04094 64168 64212 0-1315 64389 
04829 64902 64975 65048 G5121 65194 652C7 
65703 65775 65847 65920 65992 66064 6613G 
66567 6G039 66710 60782 66853 66925 66996 
67423 07494 67564 67635 07706 67777 67847 ' 
68269 68340 68410 G8480 68550 68620 68690 
69108 69177 69247 C931G 09385 09454 69524 
69937 70006 70075 70144 70212 70281 70349 
70759 70827 70895 709G3 71031 71099 71167 


) 71437 71505 
r 72214 72311 
r 73043 73109 
i 73834 73900 
i 74618 74683 
) 75394 75458 
>76163 76227 
l 7G925 76988 
r 77680 77742 
> 78427 78489 
r 79109 79230 
l 79903 79964 
) 80G31 80691 
l 81352 81412 
5 82067 82126 


71572 71640 71707 
72378 72444 72511 
73175 73241 73308 
73965 74031 74096 
74748 74813 74877 
75523 75587 75651 
76290 76354 70418 
77051 77114 77177 
77805 77867 77930 
78551 78613 78675 
79291 79353 79414 
80025 80085 80146 
80751 80812 80872 
81472 81531 81591 
62186 82215 82304 


71774 71842 71909 71976 
72578 72614 72711 72777 
73374 73139 73505 73571 
74162 74227 74292 74357 
74942 75007 75072 75136 
75715 75779 75843 75907 
76481 76545 76608 76072 
77240 77303 77300 77429 
77992 78054 78117 78179 
78737 78799 78861 78922 
79475 79537 79598 79659 ' 
80207 80208 80328 80389 
80932 80992 81052 81112 
81651 81710 81770 81829 
82363 82422 82181 82540 
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TABLE XXXI. 


Logarithms for finding the Apparent Time or Horary Angle. 


2 Hours. 


M 

0 - 

5* 

10 « 

15* 

20 * 

25 a 

30* 

35* 

40* 

45* 

50* 

65* 

[Pro.pti. 

0 

8.8259S 

8265 fc 

82717 

82771 

8283; 

82892 

82952 

83011 

83061 

)8312; 

83181 

8324; 

s 


1 

83303 

83362 

8342< 

83471 

83531 

8359a 

83653 

a3711 

83761 

8382b 

8388i 

>83944 

1 

11 

2 

84001 

84U6U 

►84117 

84175 

84233 

184291 

84348 

84406 

844ft 

84521 

84571 

8463C 

2 

23 

3 

84694 

84751 

8480?* 

84861 

84922 

8198C 

85037 

85095 

85155 

85205 

► 852ft 

>85323 

3 

34 

4 

8538C 

85437 

85494 

85550 

85607 

85664 

85721 

85777 

8583*1 

85891 

85941 

86004 

4 

46 

5 

8.8G0G(j 

86117 

86173 

86221 

SG28C 

86342 

86398 

86454 

86511 

86567 

86622 

86679 

s 


0 

8G735 

86791 

86847 

86903 

86951 

►87014 

87070 

87126 

87182 

87237 

87292 

87348 

1 

i 11 

7 

87404 

87460 

87515 

87570 

8762C 

87681 

87736 

87792 

87847 

87902 

87957 

88013 

2 

|22 

8 

880G8 

88123 

88178 

88233 

8828a 

88342 

88397 

88452 

88507 

88562 

88616 

>88671 

3 

I 33 

9 

8872G 

88780 

88835 

88889 

88944 

88998 

89053 

89107 

89162 

89216 

8927 C 

69324 

4 

144 

10 

8.89379 

89433 

89487 

89541 

89595 

89649 

89703 

89757 

89811 

89865 

89918 

89972 

8 


11 

9002G 

90080 

90133 

90187 

90241 90294 

90348 

90401 

90455 

90508 

90562 

90615 

1 

11 

12 

90668 

90722 

90775 

90828 

90881'90934 

90988 

91041 

91094 

91147 

9120< 

91253 

2 

21 

13 

91306 

91358 

91411 

91464 

9151791570 

91622 

01675 

91728 

91780 

91833 

91885 

3 

32 

14 

91938 

91990 

92013 

92095 

92147 92200 

92252 

92304 

92356 

92408 

92461 

92513 

4 

42 

15 

8.92565 

92617 

92669 

92721 

9277392825 

92877 

9_'92h 

92980 

9303*> 

93084 

93135 

s 


16 

93187 

93239 

93290 

93342 

93393 93445 

93496 

93518 

93599 

93651 

93702 

93753 

l 

110 

17 

93804 

93856 

93907 

93958 

94009 94060 

94111 

94162 

94213 

94264 

94315 

94366 

2 

*20 

18 

94417 

94468 

94519 

94570 

9462094671 

94722 

91772 

94823 

94874 

94924 

91975 

3 

I 31 

19 

95025 

95075 

95126 

95176 

95227 96977 

95327 

95378 

95428 

95478 

95528 

95578 

4 

41 

20 

8.95628 

95678 

95728 

95778 

9582895878 

95928 

95978 

96028 

96078 

96128 

96178 

s 


21 

96227 

96277 

96326 

96376 

96426 96475 

96525 

96574 

96624 

96673 

96723 

96772 

1 

10 

22 

96821 

96871 

96920 

96969 

97018 97068 

97117 

97166 

97215 

97261 

97313 

97362 

2 

20 

23 

97411 

97460 

97509 

97558 

97607197656 

97704 

97753 

97802 

97851 

97899 

97948 

3 

29 

24 

97996 

98045 

98094 

98142 

98191 

98239 

98288 

98334) 

98384 

98433 

98481 

98529 

4 

39 

25 

8.98578 

98626 

98674 

98722 

98770 

98818 

98866 

98914 

98963 

99011 

09058 

99106 

s 


26 

99154 

99202 

99250 

99298 

99346 

99393 

99441 

99489 

99536 

99584 

99632 

99679 

1 

10 

27 

J. 99727 

99774 

99822 

99869 

99917 

99964 

00012 

00059 

00106 

00154 

00201 

00248 

2 

19 

28 

9.00295 

00342 

00390 

00437 

00484 

00531 

00578 

00625 

00672 

00719 

00766 

00813 

3 

29 

29 

00860 

00906 

00953 

01000 

01047 

01094 

01140 

01187 

01234 

01280 

01327 

01373 

4 

38 

uT 

9.01420 

01466 

01513 

01559 

01606 

01652- 

01698 

01745 

01791 

01837 

01884 

01930 

8 


11 

01976 

02022 

02068 

02114 

02161 

02207 

02253 

02299 

02345 

02391 

02437 

02483 

1 

1 • 

12 

02528 

02574 

02620 

02666 

02712 

02757 

02803 

02849 

02894 

02940 

02986 

03031 

2 

18 

13 

03077 

03122 

03168 

03213 

03259 

03304 

03350 

03395 

03440 

03486 

03531 

03576 

3 

28 

14 

03621 

03667 

03712 

03757 

03802 

03847 

03892 

03937 

1)3982 

04027 

04072 

04117 

4 

37 

15 

9.04162 

04207 

04252 

04297 

04341 

04386 

04431 

044761 

04520 

04565 

04610 

04654 

s 


1G 

04699 

04744 

04788 

04833 

04877 

04922 

04966 

05011 1 

1)5055 

05099 

05144 

05188 

1 

9 

17 

05232 

05277 

05321 

05365 

05409 

05453 

05498 

05542 1 

05586 

05630 

05674 

05718 

2 

18 

18 

05762 

05806 

05850 

05894 

05938 

05982 

06025 

1)6069 4 

06113 

06157 

06200 

06244 

3 

27 

19 

06288 

06332 

06375 

06419 

06462 

06506 

06550 1 

06593 < 

06637 

06680 

06724 

06767 

4 

36 

uT 

9.068lo 

06854 

06897 

06940 

06984 

07027 

07070 < 

071131 

07157 

07200 

07243 

07286 

8 


ii 

07329 

07372 

07415 

07458 

07501 

07544 

075871 

07630 4 

)7673 

07716 

07759 

07802 

1 

9 

12 

07845 

07887 

07930 

07973 

08016 

08058 

08101< 

081444 

08186 

08229 

08271 

08314 

2 

17 

13 

08357 

08399 

08442 < 

08484 

08526 

08569 

086114 

08654 4 

08696 

08738 

08781 

08823 

3 

26 

14 

08865 

08907 

08949 < 

08992 

09034 

09076 

091184 

09160 ( 

09202 

09244 

09286 

09328 

4 

35 

15 

9.09370 

09412 

09454 < 

09496 

09538 

09580 

096224 

09663 ( 

09705 

09747 

09789 

09830 

8 


IG 

09872 

09914 

09955 ( 

09997 

10039 

10080 

10122 

10163 1 

10205 

10246 

10288 

10329 

1 

8 

17 

10371 

10412 

10453 

10495 

10536 

10577 

10619 

10660 1 

10701 

10742 

10784 

10825 

2 

17 

18 

10866 

10907 

10948 ! 

10989 

11030 

11071 

11112 

111531 

11194 

11235 

11276 

11317 

3 

25 

19 

11358 

11399 

11440 

11480 

11521 

11562 

11603 

11643 1 

11684 

11725 

11765 

11806 

4 

34 

*r 

9.11847 

11887 

11928 

11968 

12009 

12050 

12090 

12130 1 

12171 

12211 

12252 

12292 

8 


;i 

12332 

12373 

12413 

12453 

12494 

12534 

12574 

12614 1 

12655 

12695 

12735 

12775 

1 I 

8 

>2 

12815 

12855 

12895 

12935 

12975 

13015 

13055 

13095 1 

13135 

13175 

13215 

13255 

2 1 

16 

3 

13295 

13334 

13374 

13414 

13454 

13494 

(3533 

13573 1 

13613 

13652 

13692 

13732 

3 | 

24 

4 

13771 

13811 

13850 

13890 

13929 

13969 

14008 

14048 1 

14087 

14126 

14166 

14205 

jj 

32 

>5 ! 

9714245 

14284 

14323 

14362 

14402 

14441 

14480 

14519 ] 

14559 

14598 

14637 

14676 

8 


>6 

14715 

14754 

14793 

L4832 

14871 

14910 

14949 

14988 

15027 

15066 

15105 

15144 

1 

8 

>7 

15183 

15221 

15260 

15299 

15338 

15377 

15415 

15454 

15493 

15531 

15570 

15609 

2 

15 

>8 

15647 

15686 

15724 

15763 

15802 

15840 

15879 

15917 : 

15955 

15994 

16032 1 

16071 

3 

23 

>9 

16109 

16147 

16186 

16221 

16262 

16301 

16339 

16377 

16415 

16453 

16492 1 

16530 

4 

30 





TABLE XXXI. 205 

Logarithms for finding the Apparent Time or Horary Angle. 

3 Hours. 

M 0* 5* 10* 15* 20* I 25* 30* 35* 49* 45* 60* 65* Pro.pu. 

(T 9.165G8 16006 10044 16682 l672o|l6758 16796 16834 16872 16910 16948 16986 7 

1 17024 17062 17100 17138 17175 17213 17251 17289 17326 17364 17402 17440 1 I 7 

2 17477 17515 17553 17590 17628:17665 17703 17740 17778 17815 17853 17890 2 | 15 

3 17928 17965 18003 18040 18077 18115 18152 18189 18227 18264 18301 18338 3 22 

4 18376 18413 18450 18487 18521 18561 18598 18636 18673 18710 18747 18784 4 | 30 

~Y 9.18821 18858 18895 18932 18968 19005 19042 19079 19116 19153 19190 19226 8 

6 19263 19300 19337 19373 19410 19147 19483 19520 19557 19593 19630 19666 1 7 

7 19703 19739 19776 19812 19849 19885 19922 19958 19995 20031 20067 20104 '2 14 

8 20140 20176 20213 20249 20285 2932120358 20394 20430 20466 20502 20538 3 22 

9 20574 20611 20647 20683 20719 20755 20791 20827 20863 20899 20935 20970 4 29 

To" 9.21006 21042 21078 21114 21150 21186 21221 21257 21293 21329 21364 21400 ~s 

11 2143621471 2130721543 21578216142165021685 21721 217562179221827 II 7 

12 21863 21898 21934 21969 22001 22040 22075 22111 22146 22181 22216 22252 2| 14 

13 22287 22322 22358 22393 22428 22463 22498 22533 22569 22G04 22639 22G74 3 21 

14 22709 22744 22779 22814 22819 22884 22919 22954 22989 23024 23059 23094 4 | 28 

~\T 9.23128 23163 23198 23233 23268 23302 23337 23372 23107 23441 23476 23511 1 

16 23545 23580 23615 23649 23681 23718 23753 23788 23822 23857 23891 23926 I 7 

17 23960 23994 24029 24063 24098 24132 24166 24201 24235 24269 24304 24338 2 14 

18 24372 24406 24441 24475 24509 24543 24577 24612 24646 24080 24714 24748 3 20 

19 24782 24816 21850 24884 24918 21952 24986 25020 25054 25088 25122 25156 4 27 

20 9.25190 25224 25257 25291 25325 25359 25393 25426 25460 25494 25527 25561 s 

21 25595 25629 25062 25696 25729 25703 25796 25830 25864 25897 25931 25964 1 7 

22 25998 26031 26065 26008 26132 26165 26198 26232 26265 26298 26332 26365 2 13 

23 26398 26432 26165 26498 26532 26565 26598 26631 26664 20697 26731 20764 3 20 

24 26797 26830 2G863 26896 26929 26962 26995 27028 27061 27094 27127 27160 4 26 

25 9.27193 27226 27259 27292 27325 27357 27390 27423 27456 27489 27521 27554 8 

26 27587 27620 27652 27685 27718 27751 27783 27810 27848 27881 27914 27916 1 6 

27 2797928011 28044 28076 28109 28141 28174 28206 28239 28271 28301 2833G 2 13 

28 28368 28401 28433 28465 28498 28530 28562 28595 28627 28659 28691 28721 3 19 

29 28756 28788 28820 28852 28885 28917 28949 28981,29013 29045129077 29109 4 26 

30 9.29141 29173 29205 29237 29269 29301 29333 29365 29397 29129|29461 29493 ~i 

31 29524 29556 29588 29020 29652 29683 29715 29747 29779 29810 29812 29874 1 6 

32 29905 29937 29969 30000 30032 30064 30095130127 30158 30190 30221 30253 2 12 

33 30283 30316 30347 30379 30410 30442 30473 30505 30536 30567 30599 30630 3 18 

34 30661 3*0693 30724 30755 30787 30818 30849 30880 30912 30943 30974 31005 4 25 

35 9.31036 31068 31099 31130 31161 31192 31223 31254 31285 31316 31347 31378 1 

36 314093144031471 31502 31533 31564 31595 31626 31657 31688 31719i31749 1 0 

37 31780 31811 31842 31873 31903 31934 31965 31996 32026 32057|32088'32l 19 2 12 

38 32149 32180 32210 32241 32272 32302 32333 32363 32304 32425 32455132486 3 18 

39 _32 516 ; 32547 32677 32608 32638 32668 32699 32729 32760 32790|32S20 32851 4 21 

40 9.32881 32911 32942 32972 33002 33033 33063 33093 33123 33154 33184 33214 ^ 

41 33244 33274 33304 33335 33365 33395 33425 33455 33485 33515!33545 33576 1 0 

42 33605 33635 33665 33695 33725 33755 33785 33815 33845 33875 33905 33935 2 12 

13 33965 33994 34024 34054 34084 34114 34143 34173 34203 34233 34202 34292 3 18 

J4_34322 34352 34381 34411 34441 34470 34500 34529 34559 34589 31618 34618 I 2 4 

45 9.34677|34707 34736 34766 34795 34825 34854 34884 34913134943 34972 35002 “• 

46 35031 35060 35090 35119 35148 35178 35207 35236 35265135295 35321 36353 I, 6 

47 35383 35412 35441 35470 35499 35529 35558 35587 35616 35645.35671 35703 2 12 

48 35733 35762 35791 35820 35849 35878 35907 35936 35965 35994 36023 36052 3 17 

49 36081 36110 36139 36167 36196 36225 3625 I 36283 36312 36341136360 36398 4 23 

50 9.36427 36456 36485 36513 36542 36571 3659936628 36657 36686 367 I 1 30743 ”• 

51 36771 36800:36829 36857 3688G 36915 36943 36972 37000 37029 37057 37086 1 6 

52 3711437143 37171 37200 37228 37257 37285 37313 37342137370 37399 37427 2 II 

53 37455 37484137512 37540 37568 37597 37625 37653 37682 37710 37738 37766 3 17 

54 37794 37823 37851 37879 37907 37935 37963 37991 0 3HI0I I 23 

55 9.38132 38160 38188 38216 38244 38272 38300 38328 38356 383* 1 IH412 3H410 » 

56 38468 38496 38524 38551 38579 38607 38635 38663 38691 3871919716 3H7 7 1 1 6 

57 38802 38830 38857 38885 36913 38940 38968 38996 39021 39051 39079 39107 2 11 

58 39134 39162 39189 39217 39245 39272 39300 30327 39355'l93h2 39110 39417 3 17 

50 39165 39492 39520139547 39575 39602 39630 39657 39684 397 12 39739 30767 4 22 









206 TABLE XXXI. 

Logarithms for finding the Apparent Time or Horary Angle. 

4 Hours. 

M_o* 6* 1 0* 13* 20* 25* 30-" 35* 40* 45* 50* 55* 

0 0.30704 30821 39840 3987<i 39003 39931 39958 39985 40012 40040 40067 10094 7~~ 

1 40121 40149 40176 10203 40230 40257 40284 40312 40339 10366 10393 40420 I 

2 40447 40474 40501 40528 10555 40582 40609 40G36 40663 10690 40717 40744 2 I 

3 40771 40798 40825 40852 40879 40906 40933 40960 40986 41013 11040 41067 3 1 

4 41094 41121 41147 41174 41201 41228 41254 41281 41308 11335 41361 41386 4 s 

5 9.41415 41441 41468 41495 41521 41548 41575 41601 41628 41654 71681 11707 T~ 

6 41734 41761 41787 41814 41840 41867 41893 41920 41946 41972 41999 42025 | | 

7 42052 12078 42105 42131 42157 42184 42210 42236 42263 42289 12315 42342 2 1 

8 42368 12394 42420 42447 42473 42499 42525 42552 42578 42604 42630 42656 3 j 1 

9 42682 42709 42735 42761 42787 42813 42839 42805 42891 42917 42943 12969 4 I i 

10 9.12990 13022 43048 43074 43100 43125 43151 43177 43203 43229 7*355 13281 ~i 

11 43307 43333 43359 43385 43411 43436 43462 43486 43514 43540 13565 13591 1 I 

12 43617 43643 43669 43694 43720 43746 43771 43797 43823 43848 43674 13900 2 l 

13 4392543951 13977 41002 44028 14054 14079 44105 44130 44156 44181 14207 3|| 

jj_4 4232 4 4258 11283 44309 4 133J 14360 11385 44411 44436 44462 44487 44513 4 I 2 

15 9.44538 44563 11589 11614 44639 14663 44690 44715 44741 44766 44791 44817 

16 44842 44867 44802 44918 44943 44968 44993 45019 45044 15069 15094 15119 | 

17 45144 45170 45195 45220 45245 45270 45295 15320 45345 15370 45395 15120 2 1 

18 45446 45471 45496 45521 45546 45571 45595 15620 15645 45670 15695 45720 3 I 

l^_45745 45770 45795 45820 45845 458 70 45894 45919 15944 45969 45994 16016 4 2 

20 9.46043 46068 46093 46118 46142 46167 46192 46217 16241 46266 46291 46315 ^ 

21 46340 46365 46389 46414 46439 46463 46488 46512 46537 46562 46586 46611 I 

22 46635 46660 46684 46709 46733 46758 46782 46807 16831 46856 46880 46905 2 1 

23 469294G954 46978 4700247027 47051 1707647100 47124 47149 47173 47197 3 1 

_4 7222 47246 47270 47295 47319 47343 47367 47392 47416 47440 17464 47489 4 2 

25 9.47513 47537 47561 47585 47610 47634 47658 47682 47706 47730 47754 47779 — 

26 47803 47827 47851 17875 47899 47923 47947 47971 47995 48019 48043 48067 1 

27 48091 48115 48139 18163 48187 48211 48235 48258 48282 48306 48330 48354 2 l 

28 48378 48402 48426 18449 48473 48497 48521 48545 48568 48592 48616 48640 3 | 

— 48664 4 8687 48717 487 35 48758 48782 48806 48830 48853 18877 18900 48924 4 l 

30 9.48948 48971 48995 49019 49042 49066 49089 49113 49137 49160 49184 49207 ~i 

31 49231 49254 49278 19301 49325 49348 49372 49395 49419 49442 49465 49489 1 | 

32 49512 49536 49559 49583 49606 49629 49653 49676 49699 49723 49746 49769 2 

33 49793 49816 49839 49862 49886 49909 49932 49956 49979 50002 50025 50048 3 I 1 

34_ 50071 50095 50118 50141 50164 50187 50211 50234 50257 50280 50303 >0326 4 | l 

35 9.50349 50372 50395 50418 50441 50465 50488 50511 50534 50557 50580 50603 3 

36 50626 50649 50672 50694 50717 50740 50763 50786 50809 50832 50855 50878 1 

37 50901 50924 50916 50969 50992 51015 51038 51060 51083 51106 31129 51152 2 

38 51174 51197 5122051243 51265 51288 5131151334 51350 51379 51402 51424 3 l 

39 51447 51470 51492 51515 51538 51560 51583 51605 31628 51651 51673 51696 4 1 

40 9.51718 51741 51763 51786 51808 51831 51853 51876 51898 51921 51943 51966 ~s 

41 31988 52011 52033 52056 52078 52100 52123 52145 52168 52190 52212 52235 1 

42 52257 52279 52302 52324 52346 52369 52391 52413 52435 52458 52480 52502 2 

43 52525 52547 52569 52591 52613 52636 52658 52680 52702 52724 52747 52769 3 1 

_52791 52813 52835 52857 52879 52901 52923 52946 52968 52990 53012 53034 4 1 

45 9.53056 53078 53100 53122 53144 53166 53188 53210 53232 53254 53276 53298 "a 

16 53320 53342 53364 53385 53407 53429 53451 53473 53495 53517 53539 53560 1 

47 53582 53601 53626 53648 53670 53691 53713 53735 53757 53778 53800 53822 2 

48 53844 53865 53887 53909 53931 53952 53974 53996 54017 54039 54061 54082 3 1 

15_54104 54126 54147 54169 5 4190 54212 54234 54255 54277 54298 54320 54341 4 1 

50 9.54363 54385 54406 54428 54449 54471 54492 54514 54535 54556 54578 54599 

51 54621 54642 54664 54685 54707 54728 54749 54771 54792 54813 54835 54856 1 

52 54878 54899 54920 54941 5496:$ 54984 55005 55027 55048 55069 55091 55112 2 < 

53 55133 55154 55175 55197 55218 55239 55260 55282 55303 55324 55345 55366 3 l; 

54 _ 5 5 ^ 87 554 ° fJ 55430 55451 55472 55493 55514 55535 55556 55577 55598 55619 1 I* 

55 9.55641 55662 55683 55704 55725 55746 55767 55788 55809 55830 55851 55872 ~b - 

56 55893 55914 55934 55955 55976 55997 56018 56039 56060 56081 56102 66123 1 4 

57 56144 56164 56185 56206 56227 56248 56269 56289 56310 56331 56352 56372 2 > 

58 56393 56414 56435 56456 50476 56497 56518 56538 56559 56580 56601 56621 3 p 

j 9 56642|56663 56683 5670 4 56725 56745156766 56786 56807 56828 5G848[568r>9 4 |] 
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TABLE XXXI. 207 

Logarithms for finding the Apparent Time or Horary Angle. 

5 Hours. 

0* 6* 10* 15* 20* 25* 30* 35* 40* 45* 50* 55* Pro. t ,L,. 

~0" 9756889 56910 56931 56951 56972 56992 57013 57033 57054 57074 57095 57115 s 

1 571365715657177 57197 5721857238572595727957290573205734057361 II 4 

2 57381 57402 57422 57442 57463 57483 57503 57524 57544 57564 57585 57605 2 | 8 

3 57625 57646 57666 57686 57706 57727 57747 57767 57787 57808 57828 57848 3 12 

4 57868 57889 57909 57929 57949 57969 57990 58010 58030 58050 58070 58090 4 I 16 

~~5~ 9.58110 58131 58151 58171 5815158211 58231 58251 58271 582915831158331 s 

6 5835158371 58391 58411 5843158451 58471 58491 58511 58531 58551 58571 1 I 4 

7 58591 58611 5863158651 58071 58691 58711 58731 58750 58770 58790 58810 2| 8 

8 58830 58850 58870 58889 58909 58999 58949 58969 58988 59008 59028 59048 3 12 

9 59068 59087 59107 59127 59147 59166 59186 59206 59225 59245 59265 59285 4 116 

TT 0.59304 5932459344 59363 593b3|»9403 59422 59442 59461 59481 59501 59520 s 

11 59540 59559 59579 59599 59618 59638 59657 59677 59696 59716 59735 59755 1 4 

12 59774 59794 59813 59833 59852 59872 59891 59911 59930 59950 59969 59988 2 8 

13 60008 60027 60047 60066 60085 60105 60124 60144 60163 60182 60202 60221 3 12 

14 60240 60260 60279 60298 60318 60337 60356 60375 60395 60114 60433 60452 4 16 

7T 9.60472 60491 60510 60529 60549 60568 60587 60606 60625 60645 60664 60683 ~a 

16 60702 60721 60740 60760 60779 60798 60817 60836 60855 60874 60893 60912 1 4 

17 60931 60951 60970 60989 61008 61027 61046 61065 61084 61103 61122 61141 2 8 

18 61160611796119861217 612366125561274 6129361311 613306134961368 3 11 

19 61387 61406 61425 61444 61463 61482 61500 61519 61538 61557 61576 61595 4 15 

20~ 9.61013 6163261651 61670 61689 61708 61726 61745 61764 61783 61801 61820 "s 

21 61839 61858 61876 61895 61914 61932 61951 61970 61988 62007 62026 62045 1 4 

22 62063 62082 62100 62119 62138 62156 62175 02194 62212 62231 62249 62268 2 7 

23 62287 62305 62324 62342 62361 62379 62398 62416 62435 62453 62472 62490 3 11 

24 62509 62527 62546 62564 62583 62601 62620 62638 62657 62675 62693 62712 4 15 

25~ 9.62730 62749 62767 62785 62804 62822 62841 62859 62877 62896 62914 62932 ~8 

26 62951 62969 62987 63006 63024 63042 63061 63079 63097 63115 63134 63152 1 4 

27 63170 63188 63207 63225 63243 63261 63279 63298 63316 63334 63352 63370 2 7 

28 63389 63407 63425 63443 03461 63479 63497 63516 63534 63552 63570 63588 3 11 

29 63606 63624 63642 63660 63678 63696 63715 63733 63751 63769 63787 63805 4 15 

30“ 9763823 63841 63859 63877 63895 63913 63931 63949 63966 63985 64002 64020 ~i 

31 64038 64056 64074 640926411064128 04146 64164 04181 64199 64217 64235 II 4 

32 64253 64271 64289 64307 64324 64342 64360 64378 61395 64413 64431 64449 2 | 7 

33 64467 64484 64502 64520 64538 64555 64573 64591 64609 64626 64644 64662 3 11 

34 64679 64697 64715 04732 64750 64768 64785 64803 64821 64838 64856 64873 4 | 14 

35~ 9.64891 64909 6492664944 64962 64979 64997 65014 65032 65050 65067 65085 “s 

36 65102 65120 65137 65155 65172 65190 05207 05225 65242 65260 65277 65295 II 3 

37 65312 65330 65347 65365 65382 65399 65417 65434 65452 05469 65486 65504 2\ 7 

38 65521 6553965556 65573 65591 65608 65625 65643 65660 65677 65695 65712 3 10 

39 65729 65747 65764 65781 65799 65816 65834 65850 65868 65885 65902 65919 4 114 

IT 9.65937 65954 65971 65988 66006 66023 06040 66057 66074 66092 66109 66126 “s 

41 66143 66160 66177 66194 66212 66229 66246 66263 66280 66297 66314 66331 1 3 

42 66348 66366 66383 66400 66417 66434 66451 66468 66485 66492 66519 66536 2 7 

43 66553 66570 66587 66604 66621 60638 06655 66672 66689 66706 66723 66740 3 10 

44 66757 66774 66791 66807 66824 66841 66858 66875 66892 66909 66926 66943 4 14 

" 45 ” 9.6695966970166993 67010 67027 67044 67060 67077 67094 67111 67128 67144 "s 

46 6716167178 67105 67212 67228 67215 67262 67279 07295 67312 67329 67346 ll 3 

47 67362 67379 67396 67412 67429 07446 07462 67479 67490 67512 67529 67546 2| 7 

48 67562 67579 67596 67612 67629 67646 67662 67679 67695 67712 67729 67745 3 10 

49 67762 67778 67795 67811 67828 678*14 67861 67878 67894 67911 67927 67944 4 I 13 

To" 9.6796067977 67993 6801068026 68042 68059 68075 68092 68108 68125 68141 ~"s 

51 68158 68174 68190 68207 68223 68240 68256 68272 68289 68305 68322 68338 1 3 

52 68351 68371 68387 68403 68420 68436 68452 68469 68485 68501 68517 68534 2 7 

53 08550 68566 68583 6859968615 6863168648 08664 68680 08696 68713 68729 3 10 

54 68745 6870168777 68794 68810 08826 68842 68858 68874 68891 68907 68923 4 13 

"55 9.68939 68955 68971 68987 69004 69020 69036 69052 69068 69084 69100 69116 a 

56 69132 69148 69164 69181 69197 69213 69229 69245 69261 69277 69293 69309 1 I 3 

57 69325 69341 69357 69373 69389 69405 69421 69437 69453 69469 69484 69500 2 | 6 

58 69516 69532 69548 69564 69580 69596 69612 69628 69644 69660 69675 69691 3 10 

59 69707 69723)09739 69755 69770 69786 69802 69818 69834 69850 69866 69881 4 j 13 
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TABLE XXXI. 


Logarithms for finding the Apparent Time or Horary Angle. 


6 Hours. 


M 

0* 

5* 

10* 

15- 

20* 

25* 

30* 

35* 

40* 

45* 

50* 

55* 

Pro. jit*. 

0 

9.6989; 

69912 

69921 

6994 

6996( 

6997 

6999* 

70007 

7002: 

70031 

) 70051 

7007 

0 S 

1 

7008C 

7010} 

7011* 

70133 

70141 

) 7016^ 

70181 

7019t 

>7021] 

7022; 

7024: 

7025 

9 

3 

2 

70274 

70291 

70301 

70321 

7033; 

7035: 

7036* 

70884 

70391 

7041i 

7043 

7044 

5 3 

G 

S 

704G} 

70177 

70493 

70501 

70524 

7054C 

70555 

70571 

70581 

>70605 

►7061; 

7063 

i 3 

9 

1 

7064* 

70664 

7 06H(J 

70695 

7071C 

7072( 

>70741 

70757 

7077} 

7078* 

7080; 

17081! 

4 

12 

5 

9.70834 

70851 

70865 

70881 

7089C 

>70911 

70927 

70942 

7095* 

70973 

7098* 

7100- 

8 


c 

7101S 

71035 

71050 

7106.' 

71081 

71094 

>71111 

71127 

71145 

►71157 

71173 

7118t 

1 

3 

7 

71203 

71210 

71234 

71241 

71265 

71281 

71295 

71310 

7132C 

>71341 

7I35C 

>71371 

2 

C 

8 

71387 

71402 

71417 

71133 

7144* 

171463 

7117* 

71493 

7I50S 

71524 

71531 

71554 

3 

9 

9 

71560 

71585 

71600 

71615 

71631 

71645 

7166( 

71676 

71691 

7170C 

71721 

7173t 

4 

12 

10 

9.71751 

71766 

71781 

71797 

71812 

71827 

71842 

71857 

71872 

71887 

71902 

71917 

s 


11 

71932 

71947 

71962 

71977 

71992 

72007 

72022 

72037 

72052 

72067 

72082 

72097 

1 

3 

12 

72112 

72127 

72142 

72157 

72172 

72187 

72202 

72217 

72232 

72247 

72262 

72277 

2 

6 

13 

72292 

72307 

72322 

72337 

72352 

72366 

72381 

72396 

72411 

72426 

7244 1 

7245G 

3 

9 

14 

72471 

72485 

72500 

72515 

72530 

72545 

72560 

72574 

72589 

72604 

72619 

72634 

4 

12 

15 

9.72648 

72663 

72678 

72693 

72708 

72722 

72737 

72752 

72767 

72781 

72796 

72811 

s 


1G 

72825 

72840 

72855 

72870 

72884 

72899 

72914 

72928 

72913 

72958 

72972 

72987 

1 

I 3 

17 

73002 

73016 

73031 

73046 

73060 

73075 

73090 

73104 

73119 

73134 

73148 

73163 

s 

1 0 

18 

73177 

73192 

73207 

73221 

73236 

73250 

73265 

73279 

73294 

73309 

73323 

73338 

3 

9 

19 

73352 

73367 

73381 

73396 

73410 

73425 

73439 

73454 

73468 

73483 

73497 

73512 

4 

112 

20 

9.73526 

73541 

73555 

73569 

73584 

73598 

73613 

73627 

73642 

73656 

73671 

73685 

s 


21 

73699 

73711 

73728 

73743 

73757:73771 

73786 

73800 

73815 

73829 

73843 

73858 

1 

3 

22 

73872 

73886 

73901 

73915 

7392973944 

73958 

73972 

73987 

74001 

74015 

74029 

2 

6 

23 

74044 

74058 

71072 

74087 

74101 74115 

74129 

74144 

74158 

74172 

74186 

74200 

3 

9 

14 

74215 

74229 

74243 

74257 

74272|7428G 

74300 

74314 

74328 

74342 

74357 

74371 

4 

12 

25 

9.74385 

74399 

74413 

74427 

74442 

74456 

74470 

74184 

74498 

74512 

174526 

74540 

8 


1G 

74554 

74569 

74583 

74597 

74611 

74625 

74639 

74653 

74667 

74691 

74695 

74709 

1 

3 

17 

74723 

74737 

74751 

74765 

74779 

74793 

74807 

7 1821 

74835 

74849 

74863 

74877 

2 

5 

18 

74891 

74905 

74919 

74933 

74947 

74961 

71975 

74989 

75003 

75017 

75031 

75045 

3 

8 

59 

75059 

75072 

75086 

76100 

75114 

75128 

75142 

75156 

75170 

75183 

75197 

75211 

4 

11 

hT 

9.75225 

7523975253 

75267 

75280 

75294 

75308 

75322 

75336 

75349 

75363 

75377 

s 


\i 

75391 

75405 75418 

75432 

75446 

75460 

75474 

75487 

75501 

75515 

75528 

75542 

1 

3 

12 

75556 

7557075583 

75597 

75611 

75625 

75638 

75652 

75666 

75679 

75693 

75707 

2 

1 5 

13 

75720 

7573475748 

75761 

76775 

75789 

75802 

75816 

75830 

75843 

75857 

75870 

3 

8 

14 

75884 

75898 

75911 

75925 

75938 

75952 

75966 

75979 

75993 

76006 

76020 

76033 

4 

10 

15 

9776047 

76060 

76074 

76088 

76101 

76115 

76128 

76142 

76155 

76169 

76182 

76196 

8 


6 

76209 

76223 

76236 

76250 

76263 

76276 

76290 

76303 

76317 

76330 

76344 

76357 

1 

3 

17 

76371 

76384 

76397 

76411 

76124 

76438 

76451 

76464 

76179 

76-191 

76505 

76518 

2 

5 

8 

76531 

76545 

76558 

76571 

76585 

76598 

76611 

76625 

76638 

76651 

76665 

76678 

3 

8 

9 

76G91 

76705 

76718 

76731 

76745 

76758 

76771 

76784 

76798 

76811 

7C824 

76838 

4 

10 

0~ 

9.76851 

76864 

76877 

76891 

76904 

76917 

76930 

76943 

76957 

76970 

76983 

76996 

8 


1 

77009 

77023 

77036 

77049 

77062 

77075 

77089 

77102 

77115 

77128 

77141 

77154 

1 

3 

2 

77167 

77181 

77191 

77207 

77220 

77233 

77246 

77259 

77272 

77285' 

77298 

77312 

2 

5 

3 

77325 

77338 

77351 

77364 

77377 

77390 

77403 

77416 

77429 

77442: 

77455 

77468 

3 

8 

4 

77481 

77494 

77507 

77520 

77533 

77546 

77559 

77572: 

77585 

77598: 

77611 

77624 

4 

10 

5~< 

9.77637 

77650 

77663 

77676 

77689 

77702 

77715 

77728: 

77741 

77754: 

77766 

77779 

s 


G 

77792 

77805 

77818 

77831 

77844 

77857 

77870 

77882: 

77895 

77908: 

77921 

77934 

1 

3 

7 

77947 

77960 

77972 

77985 

77998 

78011 

78021 

78037 : 

78049 

78062 : 

78075 

78088 

2 

5 

8 

78101 

78113 

78126 

78139 

78152 

78164 

78177 

78190: 

78203 

78215: 

78228 

78241 

3 

S 

9 

78254 

78266 

78279 

78292 

78305 

78317 

78330 

79343: 

78355 

78368 : 

78381 : 

78393 

4 

10 

0 ! 

9.78406 ' 

78419 

78431 

78444 

78457 

78469 

78482 ‘ 

78495 : 

78507 

78520 : 

78533 l 

78545 

s 


1 

78558 

78570 

78583 

78596 : 

78608 

78621 

78633: 

78646: 

78659 

78671 ] 

78684 : 

78696 

11 

2 

2 

78709 

78721 

78734 

78747 i 

78759 

78772 

79784 : 

78797 : 

78809 

78822 ; 

78834 ; 

r8847 

2| 

5 

3 

78859 

78872 

78884 

78897 : 

78909 

78922 

78934 : 

78947 : 

78959 

78972 ; 

78984 1 

78997 

31 

7 

4 

79009: 

79021 

79034 

79046 : 

79059 

79071 

79084 : 

79096 : 

79108 

79121 : 

79133; 

r9146 

_4[ 

10 

5~ < 

1779158 

79170 

79183 

79195 : 

79208 

79220 

79232: 

79245 : 

79257 

79269i 

79282 ; 

r9294 

s 


6 

79306 ; 

79319 

79331 

79343 : 

79356 

79368 

79380 : 

79393 : 

79405 

79117 ; 

79430 ; 

79442 

1 

2 

7 

79454 : 

79466 

79479 

79491 : 

79503 

79515 

79528 : 

79540 : 

79552 

79564; 

79577 ; 

'9589 

2 

5 

8 

79601| 

79613 

79626 

79638 : 

79650 

79662 

79674 : 

79687 1 

79699 : 

79711; 

79723 ; 

9735 

3 

7 

9 

79748! 

79760 

79772 

79784: 

79796 

79808: 

79821 i 

79833 : 

79845 : 

79857 ; 

79869; 

79881 

4 

10 
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Logarithms for finding the Apparent Time or Horary Angle. 


7 Hours 


M 

0- 

**1 

10* 

15* 

20* 

25* 

30* 

35* 

40* 

45* 

50* 

65* 

[Pro. {it*. 

0 

9.79893179905 

79918 

79930 

79942 

79954 

79900 

79978 

79990 

80002 

80014 

80020 

8 


1 

80038 80050 

60003 

80075 

80087 

80099 

80111 

80123 

80135 

80147 

80159 

80171 

1 

2 

2 

80183 

80195 

80207 

80219 

80231 

80243 

80255 

80267 

80279 

80291 

80303 

80315 

2 

5 

3 

80327 

80338 

80350 

80362 

80374 

80380 

80398 

80410 

80422 

80434 

80140 

80458 

3 

7 

4 

80470 

80482 

80494 

80505 

80517 

80529 

80541 

80553 

60565 

80577 

80586 

30600 

4 

9 

5 

9.80012 

80024 

80030 

80648 

80600 

80671 

S0083 

80095 

80707 

80719 

80730 

80742 

s 


6 

80754 

80766 

80778 

80789 

80801 

80813 

80825 

80830 

80848 

80800 

80872 

80883 

1 

2 

7 

80895 

80907 

80919 

80930 

80942 

80954 

80900 

80977 

80989 

81001 

81012 

31024 

2 

5 

8 

81030 

81047 

81059 

81071 

81082 

81094 

81100 

81117 

81129 

81141 

81152 

81164 

3 

T 

9 

81176 

81187 

81199 

81211 

81222 

81234 

81245 

81257 

81209 

81280 

81292 

81303 

4 

0 

10 

9.81315 

81320 

81338 

81350 

81301 

81373 

81381 

81390 

61407 

81419 

81430 

81442 

s 


11 

81454 

81465 

81477 

81488 

81500 

81511 

81523 

81534 

81540 

81557 

81569 

61580 

1 

2 

12 

81592 

81603 

81G14 

81020 

81037 

81649 

81000 

81072 

81083 

81695 

81700 

81717 

2 

6 

13 

81729 

81740 

81752 

81703 

81775 

91780 

81797 

81809 

81820 

81831 

81843 

81854 

3 

7 

14 

81806 

81877 

81888 

81900 

81911 

91922 

91934 

81945 

S1956 

81968 

81979 

81990 

4 

9 

15 

9.82002 

82013 

82024 

82030 

82047 

82058 

82070 

82081 

82092 

82103 

82115 

82126 

s 


16 

82137 

82148 

82160 

82171 

82182 

92193 

82205 

82210 

82227 

82238 

82250 

82261 

1 

2 

17 

82272 

82283 

82294 

82300 

82317 

92328 

82339 

82350 

62302 

82373 

82384 

82395 

2 

4 

lb 

82400 

82417 

82429 

82440 

82451 

82462 

62473 

82481 

82495 

82507 

82518 

82529 

3 

7 

19 

82540 

82551 

82562 

82573 

8258*1 

82595 

82600 

82618 

82629 

82640 

82651 

82662 

4 

9 

20 

9.82073 

82684 

82095 

82700 

82717 

82728 

82739 

82750 

82761 

62772 

82783 

82794 

s 


21 

82805 

8281G 

82827 

82S38 

82849 

82800 

82871 

82882 

62893 

82904 

82915 

82921. 

1 

2 

22 

82937 

82948 

82959 

82970 

82981 

82992 

83003 

83014 

83025 

83035 

83046 

83057 

2 

4 

23 

83008 

83079 

83090 

83101 

83112 

83123 

83134 

83144 

83155 

83166 

83177 

83188 

3 

7 

24 

83199 

83210 

83220 

83231 

83242 

83253 

83264 

83275 

H3285 

83296 

83307 

83318 

4 

9 

25 

9.83329 

83339 

83350 

93361 

83372 

K3383 

83393 

83104 

83415 

83426 

83436 

83447 

8 


26 

83458 

83409 

83479 

83490 

83501 

83512 

93522 

83533 

83544 

83555 

83565 

83576 

I 

2 

27 

83587 

83597 

83008 

83019 

83629 

83640 

83051 

83002 

63072 

83683 

83694 

83704 

2 

4 

28 

83715 

83725 

83730 

83747 83757 

83708 

83779 

83789 

83800 

83811 

83821 

83832 

3 

7 

29 

83842 

83853 

83804 

83874;83885 

83895 

83900 

83910 

83927 

83938 

83948 

83959 

4 

9 

30 

9.83969 

83980 

83990 

84001 

84011 

84022 

84033 

84043 

81054 

84064 

81075 

84085 

8 


31 

84090 

84100 

84117 

84127 

84138 

84149 

84159 

84169 

84179 

84190 

84200 

84211 

1 1 

12 

32 

84221 

84232 

84242 

84253 

84203 

81274 

84284 

84294 

84305 

84315 

84320 

84336 

2 | 

|4 

33 

84346 

84357 

843G7 

84378 

64388 

84398 

84409 

84419 

84430 

84440 

84150 

84461 

3 1 

16 

31 

84471 

84481 

84492 

84502 

84512 

84523 

84533 

84543 

84554 

84564 

84574 

84585 

4 | 

18 

35 

9.84595 

84005 

84610 

84626 

84636 

84046 

84657 

84607 

84077 

84087 

84098 

84708 

8 


30 

84718 

84729 

84739 

84749 

84759 

94709 

84780 

84790 

84800 

64810 

84821 

84831 

1 

2 

37 

84841 

84851 

84801 

84872 

84882 

84892 

84902 

84912 

84923 

84933 

84943 

84953 

2 

4 

38 

84903 

84973 

84984 

84994 

85004 

85014 

85024 

85034 

85044 

85054 

85065 

65075 

3 

6 

30 

85083 

85095 

85105 

85115 

95125 

85135 

85145 

85155 

85160 

8517G 

85180 

85196 

4 

8 

EH 

9.85200 

85216 

85220 

85230 

85240 

85256 

85200 

85276 

85280 

8529G 

85300 

85316 

8 


11 

85320 

85336 

85346 

85350 

85300 

85376 

85380 

85396 


85416 

85 120 

85436 

1 | 

12 

42 

85440 

85450 

85 460 

85470 

85480 

85496 

KMilUfl 

85516 

85526 

85530 

85540 

85555 

2 

4 

43 

85505 

85575 

85585 

85595 

85G05 

85615 

85025 

85635 

85645 

85654 

85664 

85674 

3 

0 

14 

85084 

85694 


85714 

85724 

85733 

85743 

85753 

85763 

85773 

85783 

85792 

41 

1 8 

45 

9.85802 

85812 

85822 

85832 

95841 

85851 

85861 

85871 


85890 


85910 

8 


40 

85920,85930 

85939 

85949 

85959 

85909 

85978 

S5988 

85998 

86008 


86027 

1 

2 

47 

80037180016 

80050 

86906 80070 

80085 

86095 

86105 

86114 


Sftfl 

86143 

2 

4 

48 

8G153160103 

80172 

8G182|8G192 

80201 86211 

80221 

86230 

86210 

86250 

86259 

3 

6 

49 

8020980279 

80288 

80298(80307 

80317 80327 

86330 

60310 

86356 

80305 

86375 

4 

8 

30 

9.86384 80394 

80403 

86411 

90423 

80132 

80442 

86151 

80401 

86470 

804 SO 

60489 

8 


51 

86499|86509 

86518 

80528 

80537 

86547 

86556 

80566 

86575 

86585 

80594 

66004 

1 

2 

52 

80613 80023 

80032 

90642 

86051 

86061 

86670 

86079 

80089 

86698 

80708 

80717 

2 

4 

53 

80727 

80730 

80740 

80755 

86764 

80774 

86783 

80793 

8G802 

86812 

36821 

86830 

3 

6 

54 

80840 

86849 

8G858 

80868 

80877 

86887 

80896 

80905 

80015 

86921 

30933 

86943 

4 

8 

•»6 

9.80952 

60902 

86971 

80980 

80990 

86999 

87008 

87018 

87027 

87030 

87046 

87055 

8 


56 

87004 

87073 

87083 

87092 

87101 

87111 

87120 

87129 

87138 

87148 

87157 

87166 

1 

2 

57 

87175 

87185 

87194 

87203 

87212 

87222 

87231 

87249 

67249 

87259 

87208 

67277 

2 

4 

58 

87280 

87295 

87305 

87314 

87323 

87332,87341 

87351 

87300 

87309 

87378 

87387 

3 

6 

59 

87396 

87406 

87415 

87424 

87433 

8744287451 

87400 

87470 

87479 

87488 

87497 

4 

8 


D n 





















































210 TABLE XXXIL 

Logarithm* for finding the Apparent Time, or Horaby Angle. 



15 19.89086 89095 89103 89119 89190 89199 89137 89145 89153 89169 89170 891 7 

16 891878919689904 8991389991 89229 89237i89246 89254 89263 89271 8997 


17 899878999689304 8931389391 89330.89338 8934689354 89363 89371)8937 

18 89387 89396 89404 89413 89491 89499 8943789446 89454 89469 894 

19 89487 89495 89503 89512 89590 89528 89536 89545;89553 8956189569|89578 
96098961189619 8962739635 89643 89651 8966089668 


9.89586189594 




91455 91463914709147891485 91492 9149991507 91514 91599915999153 
9154391551915589156691573 915800158791595 916099160991616916941 
9163191638 91645 91653 91660 91667 91674 91682 91689 91696 91703 91711 
9171891795 91732917409174791754 917619176991776917839179091798 
91805 91819918199182691833918419184891855 91862918699187691884 



55 

56 

57 

58 | 99965199972 
93044193051 


12 99819 99896 92832 92839 92845 92852 99859 9986619987 
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TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 
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TABLE XXXIV. 

PROPORTIONAL LOGARITHMS, 




1.0348 

1.0344 

1.0340 

1.0335 

1.0331 

1.0337 

1.0333 

1.0319 

1.0314 

1.0310 


1.0306 

1.0303 

1.0197 

1.0193 

1.0189 

1.0185 

1.0181 

1.0176 

1.0173 

1.0168 


1.0164 

1.0160 

1.0156 

1.0151 

1.0147 

1.0143 

1.0139 

1.0135 

1.0131 

1.0136 


1.0133 

1.0118 

1.0114 

1.0110 

1.0106 

1.0103 

1.0096 

1.0090 

1.0089 

1.0085 


1.0081 

1.0077 




1 . 004 # 

1.0036 

1.0033 

1.0038 

1.0034 

1.0030 

1.0016 

1.0013 

1.0006 

1.0004 
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TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 
































































































































6126 6029 6933 
6125 6027 5931 
6123 6025 5930 
6121 6024 5928 
6120 6022 5927 


61181 60211 59251 5832 


5654 5566 
5652 5564 


57401 5651! 5563[ 5477 > 5393 















































































































































































TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 















































































































































































TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 



3702 

3735 

3678 

10 

3702 

3784 

8677 

11 

3701 

3733 

3677 

12 

8700 

3732 

8676 

13 

3780 

8731 

3675 

14 

3788 

3730 

3674 

15 

8787 

3720 

3673 

16 

8786 

8728 

3672 

17 

8785 

3787 

3671 

18 

8784 

8787 

8670 

10 

3788 

3782 

3726 

3785 

122 a 

ESI 


3781 

3724 

3667 


3780 

3723 

3666 


3770 

3722 

3665 

84 

8778 

8721 

3664 

25 

3777 

3780 

EEJ 

86 

3776 

3710 

3663 

87 

8775 

3718 

8662 

28 

3774 

3717 

3661 

20 


8650 40 
8640 41 
8640 48 
8648 48 
8647 44 
8646 45 
8645 46 
8644 47 
8643 48 
8642 40 


3641 60 
8640 51 
8630 58 
8688 
8687 54 
3686 55 
8635 56 
3685 57 
8634 58 
3633 50 


I aoaa I Anna i 094C 
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TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 





































































































































































































































































































































































































































TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 
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* TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 
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TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 



1101 
1190 
1190 
1189 
1189 
1188 
1188 
1187 
1187 
89 1186 


11861 


11641 11231 


10611 10301 


09 
0942 09 
0941 09 
0941 09 
0940 09 
0940 09 


00391 09091 0880 


88S8S288S8 88588286688858828258 8858828258 SS 
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TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 
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TABLE XXXVI. 

Natural Versed and Suver9ed Sines. 


000005' l 

OOOOti 1 
00007 1 

00008 I 
00009 1 

00011 1 
00012 1 
00011 1 
00016 1 
00017 1 

000019 1 

00020 2 
00022 2 
00024 2 

00020 2 
000291 2 
00031 2 

00033 2 

00030 2 
0003S1 2 

0000411 jT 
00043 2 

00046 2 

00019 2 

00052 2 

00055 2 

00058 2 

00001 2 
00001 2 
I_0006s 2 

000071 “”2 
00075 2 

00078 2 

00082 2 
00080 3 
00089 3 

00093 3 

00097 3 

CM) 102 3 

0 0106 3 
* 000110 3 

00114 3 

00119 3 

001231 3 

00128 3 
00133 3 

00137 3 

00142' 3 
i 00147 3 

i 000152 4 


0° 

1° 

|| 

2° 


3 s 


Parts 

Parts' 

Parts 

IfmJ 


for 

Suiwt. Versed for 1 

Stivers. 1 Versed ' 

for i 

Suvers. Versed 

foe 

StHYTS. 

n 

1 " 


// 


n 


~TT 

2.000000 I000152] 0 

1.9998481000609 

0 

1.999391 001370 

0 

1.998620 

0 

(MMMMt 00157 C) 

99843 00619 

0 

99381 01386 

0 

98614 

0 

00000 00163 0 

99837 00630 

0 

99370 01401 

1 

9S599 

0 

00000 001C»8 0 

99832 00610 

1 

993601 01416 

1 

96584 

0 

1.909090 00173 0 

998271 0(M>50 

1 

99350 | 01432 

1 

98568 

0 

99999 00179 0 

99821 00661 

1 

99339 01418 

1 

96552 

0 

99999 001X4 1 

99816' 00672 

1 

9932s OllCtf 

2 

90S8V 

0 

99998 I 00190 1 

99810 00682 

1 

993181 01479 

2 

96521 

1 

99997 00196 1 

99801 00693 

1 

99307 01495 

2 

98505 

1 

99997 00201 1 

997991 00701 

2 

99290 01511 

2 

98489 

1 

99996) 00207 1 

99793 00715 

2 

99285 | 01527 

3 

98473 


1.999995 000213 1 

99994 00219 1 

99993 00220 1 

99992 00232 1 

99991 00238 2 

99989 00244 2 

99988 00251 2 

99966 00257 2 

99985 00201 2 

_99963 I 00271 2 

1.999981 000278 2 

99980 002SI 2 

99978| 00291 2 

99976 00299 3 

99974 00306 3 

99971 1 00313 3 

99900 00320 3 

99967 00328 3 

99964 <>0335 3 

_99902 00313 3 

1.91)9959 000350 4 

99957 00358 4 

99954 00866 4 

99951 00374 4 

99948 (M)3S2 4 

99945| 00390 5 

99942 00398 5 

99939 00 KKi 5 
99936 00115 5 

99932 00123 0 

1.999929 000432 6 

99925 (MU 10 6 

99922 00449 6 
9991s 00458 6 

99911 00466 6 

99911i 00475 6 

99907 00484 7 

99903 00-193 7 

99898 I 00503 7 

99891 00512' 7 

I. 990690 000521 7 

99666 1 005311 7 

99881 00540 7 

99877 , 00550 8 

99872 00559) 8 
90667 00569) 8 
90663 00579 8 
99858 00589 8 

99853 1 00599 8 

II. 999848 000609 9 


I. 999787 C 

997811 
007741 
00768 
00761 
99756! 
90740 
99743j 
99736 
99729 

II. 999722 C 

99716 
00700 
99701 
00001 
90687 
00680 
99672 
99665 
99657i 
1.999650 ( 
99648 
99631 
09080 
99618 
99610 
008081 
00904 
00585 
99577 
1*999568 C 
00560 
99551 
99512 
00581 
99525 
99516 
99507 
99497 
99488 
1.999479 C 
99469 
99460 
99450 
99441 | 
99131 
99421 
99411 
994011 
1.999391 i 


99263 01559 
99252 01575 
00240 01592 


3 1.998457, 

3 98441 

4 984251 


0 1.998291 
6 98274 
6 98257 


5 99073 

6 99061 

6 99048 

7 1.999036 C 

7 90083 

7 99010 

8 98997 

8 98984 

8 96971 

9 98957 

9 98944 

9 98931 

9 98917 

10 1.998904 I 
10 96890 


9 1.998117 
10 98099 


13 1.997934 
13 97916 


12 T-998763 
12 | 98749 

12 98731 

13 98719 


Parts 'Parts 

Suvcrs. for , Versed. Stivers. for Versed. 


| Parti 
Stetvrs. for 

1 " 

Versed. 

, 

17' 

7° 


16 1-997743 
16 9772-4 


5 18 97605 

i 19 97584 

i \ 9 ^ 1*997561 

Parts 

for Versed. 








TABLE XXXVI. 

Natural Versed and Suversed Sines. 


v Parti | | Parti 

Versed for Suvers. , Versed for 
tt tl 


Parts IParta 

Versed. f ° r Suvers. Versed! f °r 


2 (KM77 1 

3 02497 1 

4 02518 1 

5 02538 2 

6 02559 2 

7 02580 3 

8 02601 3 

9 02622 3 

10 02643 1 

11 002664 4 

12 02685 4 

13 02707 5 

14 02728 5 

15 02750 5 

16 02771 6 

17 02793 6 

18 02815 6 

19 02837 7 

20 02859 7 

21 002881 7 

22 02903 8 

23 02925 8 

24 02917 8 

25 02970 9 

26 02992 9 

27 03015 10 

28 03037 10 

29 03060 11 

30 03083 11 

31 003105 12 

32 03128 13 

33 03151 13 

3-1 03175 14 

35 03198 14 

36 03221 15 

37 03244 15 

38 03268 16 

39 03291 16 

40 03315 16 


41 003339 17 

42 03363 17 

43 03386 17 

44 03410 18 

45 o&i&i 18 

46 03459 19 

47 03483 19 

48 03507 20 

49 03531 20 

50 035.56 20 

51 003580 21 

52 03605 21 

53 03630 22 

54 03655 22 

55 03680 22 

56 03705 23 

57 03730 23 

58 03755 24 

59 03780 24 

60 003805 24 


1.997564 003805 0 

97544 03831 0 

97523 03856 1 

97503 03882 1 

97482 03907 2 

97462 03933 2 

97441 03959 3 

97420 03985 3 

97399 04011 3 

97378 04037 4 

97357 04063 4 

1.997336 004089 5 

97315 04116 5 

97293 04142 6 

97272 01168 6 
97250 04195 7 

97229 04222 7 

97207 04248 7 

97185 04275 8 

97163 04302 8 

97141 0 4329 9 
1-997119 004356 9 

97097 04383 10 
97075 04411 10 
97053 04138 11 
97030 04465 11 
97008 04493 11 
96985 04520 12 
96963 04548 12 
96940 04576 13 
96917 04664 14 
1.996895 004632 15 
96872 04660 15 
96849 04688 16 
96825 04716 16 
96802 04744 17 
96779 04773 18 
96756 04801 18 
96732 04829 19 
96709 04858 19 
96685 04887 20 


1.996661 001916 20 
96637 04944 21 
96614 04973 21 
96590 05002 21 
96566 05031 22 
96511 05061 22 
96517 05090 23 
96493 05119 23 
96469 05149 24 
96144 05178 25 
1.996420 005208 25 
96395 05237 26 
96370 05267 26 
96315 05297 27 
06890 05327 27 
96295 05357 28 
96270 05387 28 
96245 05417 29 
96220 05448 29 
1.996195 005478 29 


1.996195 

96169 

96144 

96118 

96093 

96067 

96041 

96015 

95989 

95963 

95937 


1.995644 
08617 
95589 
95562 
95535 
95507 
95480 
95452 
95124 
95396 
1.995368 
95340 
95312 
95284 1 
95256 
95227 
95199 
95171 
95142 
95113 


1.995081 

95056 

95027 

94998 

94961) 

94939 

94910 

94881 

94851 

91822 

1.904792 

91763 

94733 

94703 

94673 

94643 

94613 

94583 

91552 

1.994522 


i 005478 0 

) 05509 1 

l 05539 1 

l 05570 2 

( 05600 2 

05631 3 

05662 3 

i 05693 4 

l 05724 4 

l 05755 5 

05786 5 

005818 6 

05849 6 

05880 7 

05912 7 

05944 8 

05975 8 

06007 9 

06039 9 

06071 10 
06103 10 
006135 11 
06167 11 
06200 12 
06232 13 
06264 13 
06297 14 
06330 14 
06362 15 
06395 15 
06428 16 
006461 17 
06494 18 
06527 19 
1 06560 19 
06594 20 
06627 21 
06661 21 
06694 22 
06728 22 
06762 23 


006795 23 
06829 24 
06863 24 
06897 25 
06931 26 
06966 26 
07000 27 
07034 28 
07069 28 
07103 29 
007138 29 
07173 30 
07208 30 
07243 31 
07278 31 
07313 32 
07348 32 
07383 33 
07418 34 
007454 34 


1.994522 

94491 

94461 

94430 

94400 

94369 

94338 

94307 

94276 

94245 

94214 

1.994182 

94I5I 

94120 

94088 

94056 

94025 

93993 

93961 

93929 

93897 

1.993865 

93833 

93800 

93768 

93736 

93703 

93670 

93638 

93605 

93572 

1.993539 

93506 

93473 

93440 

93406 

93373 

93339 

93306 

93272 

93238 


1.993205 

93171 

93137 

93103 

93069 

93034 

93000 

92966 

92931 

92896 

1.992862 

92827 

92792 

92757 

92722 

92687 

92652 

92617 

92582 

1.992546; 


007454 0 

07489 1 

07525 1 

07561 2 

07596 2 

07632 3 

07668 4 

07704 4 

07740 5 

07776 6 

07813 6 

007849 7 
07885 7 

07922 8 

07958 9 

07995 9 

08032 10 
08069 10 
08106 11 
08143 12 
08180 12 
008217 13 
08254 13 
08291 14 
08329 15 
08366 15 
08494 16 
08442 17 
08479 17 
08517 18 
08555 19 
008593 20 
08631 21 
08669 22 
08708 22 
08746 23 
08784 24 
08823 24 
08862 25 
08900 26 
08939 26 


008978 27 
09017 28 
09056 28 
09095 29 
09134 30 
09173 30 
09213 31 
09252 32 
09292 32 
09331 33 
009371 34 
09411 34 
09451 35 
09490 36 
09531 36 
09571 37 
09611 38 
09651 38 
09691 39 
009732 39 


1.992546 60 
92511 59 
92475 58 
92439 57 
92404 56 
92368 55 
92332 54 
92296 53 
92260 52 
92224 51 
92187 50 
1.992151 49 
92115 48 
92078 47 
92042 46 
92005 45 
91968 44 
91931 43 
91894 42 
91857 41 
91820 40 
1.991783 39 
91746 38 
91709 37 
91671 36 
91634 35 
91596 34 
91558 33 
91521 32 
91483 31 
91445 30 
1.991407 29 
91369 28 
91331 27 
91292 26 
91254 25 
91216 24 
91177 23 
91138 22 
91100 21 
91061 20 


1.991022 19 
90983 18 
90944 17 
90905 16 
90866 15 
90827 14 
90787 13 
90748 12 
90708 11 
90669 10 
1.990629 9 

90589 8 

90519 7 

90510 6 

90469 5 

90429 4 

90389 3 

90349 2 

90309 l 
1.990268 0 


Part* Parts I Parts Parts 

Sutters, for Versed. Suvers. for Versed. , Sutlers, for Versed. Sutlers. for Versed. 








TABLE XXXVI. 

Natural Versed and Suversed Sines. 



8° 



9° 

1 Parts! 


! Parts) 

Versed 

for 

Swum. 

Versed 

s 


ti 



// 

009732 

"IT 

1.990268 012312 

~o~ U 

09772 

l 

90228 

12357 

l 

09813 

l 

90187! 

12403 

l 

09854 

2 

90146 

12449 

2 

09894 

3 

90106 

12191 

3 

09935 

3 

90065 

12540 

4 

09976 

4 

90021 

12586 

5 

10017 

5 

89983 

12632 

6 

10O5H 

6 

89912 

12678 

7 

10100 

6 

80000 

12725 

8 

10141 

7 

89859 

12771 

8 

010182 

8 

1.98981810128171 

9 14 

10221 

8 

89776 

128641 

10 

10265 

9 

89735 

12910 

11 

10307 

10 

89693 

12957 

12 

10349 

10 

89651 

13001 

12 

10390 

11 

80010 

13)50 

13 

10132 

12 

89568 

13097 

13 

10474 

12 

89526 

13144 

14 

10516 

13 

89481 

13191 

15 

1055s 

14 

89142 

13238 

15 

010601 

14 

1.989399 >013286 

16" 1. 

10613 

15 

89357 

13333 

17 

10685 

16 

89315 

13380 

18 

10728 

17 

89272 

1342s 

19 

10770 

17 

89230 

13475 

19 

10813 

18 

89187 

13523 

20 

10855 

19 

89145 

13571 

21 

10098 

19 

89102* 

13618 

22 

10941 

20 

89069, 

13660 

23 

10984 

21 

89016 

13711 

21 

011027 

22 

1.988973,013762 

25 I- 

11070 

23 

88930 

13811 

26 

11113 

14 

88887, 

13859 

27 

11157 

25 

88843 

13907 

28 

11200 

26 

88800 

13955 

29 

1124-1 

26 

887561 

14001 

30 

11287 

27 

88713 

14052 

31 

11331 

28 

88609. 

11101 

32 

1157 1 

28 

88620* 

14150 

33 

11418 

29 

88582* 

14199 

33 

011462 

30 

1.988538! 0142481 

21 1* 

11506 

31 

88191 

14290 

35 

11550 

32 

88150 

11346 

35 

11594 

32 

88406, 

14395 

36 

11638 

33 

88362 

14441 

37 

11683 

34 

88317 

14493 

38 

11727 

35 

88273 

14543 

39 

11772 

35 

88228 

14592 

40 

11816 

36 

88184 

14612 

41 

11861 

37 

88139 

14091 

42 

011905 

38 

1.988095 014741 

42 I- 

11950 

38 

88050 

14791 

43 

11995 

39 

88005 

14811 

44 

12040 

40 

8791i0 

14891 

45 

12085 

41 

87915 

14941 

45 

12130 

41 

87870 

14991 

46 

12175 

42 

87825 

15041 

47 

12221 

43 

87779 

15091 

48 

12266 

44 

87734 

15142 

49 

012312 

44 

|1.967688||015192 

50 1_ 


Part* 

] | 


Part* 

Suvers. 

for 

! Versed. 

Suvers. 

for 

i. 

1 * 



1 " 


8751)7 1 15293 
875511 15341 
87500 15395 
87460 15446 
87414 15497 
87368 15548 
87322 15599 
87275* 15650 
87229 15701 
)87183 015753 
87136. 15804 
87090 15856 


85209 

85159 

85109 

85059 

85009 

84959 

84909 

84858 


0 1.984808 0 

1 84757 ] 

2 84707 

3 81656 

3 84605 

4 84554 

5 81503, 

6 84452 

7 84401 I 

8 81350 

9 84299 

9 1.981247 0 

10 84196 

11 81144 

12 81092 

13 84011 

14 83989 

15 83937 

16 83885 

16 83833 

17 83781 

18 1.983729 C 

19 MTU 

20 83624 

21 83572 

22 83519 

22 83166 

23 83114 

24 83361 

25 83308 

26 83255 

27 1-983202 ( 

28 83149 

29 83096 

30 83012 

31 82989 

32 82935 

i 33 82882 

: 34 82828 

i 35 82774 

i 36 82721 

; 37 1.982667 C 

38 82613 

39 825591 

i 40 82505 

l 41 82450 

1 41 82396 

i 42 82312 

l 43 82287 

44 82233 

! 45 62178 

4(T 1.982123 ( 

47 82069 

» 48 82014 

49 81959 

i 50 81904 

50 81849 

r 51 81793 

i 52 81738 

53 81683 

t 54 1.961627 < 

Part* 1 

for I Versed. 


0 1.981627 W 

1 81572] 59 

2 fclolti 5* 

3 81400 57 

4 81405 56 

5 81319 55 

6 81293 51 

7 61237 53 

7 81161 52 

8 81124 51 

9 61066 50 


10 1.981012 49 

11 80955; 46 

12 808W 47 

13 80812 46 

14 80785 45 

15 60729 44 

16 80672 43 

17 80615 42 

18 805581 41 

19 80501 40 

20 1.980443 » 

21 80386) 36 

22 80329 37 

23 80271 36 

24 80214 35 

25 80156 31 

26 80098 33 | 

27 80041 E 

28 79983 31 

29 79925 jO 

30 1.979867 » 

31 79809| 28 

32 79750, 27 i 

33 79692 * 

34 79631 25 

35 79575 ! 21 

36 795171 23 

37 79458 22 

38 79899 21 

39 793111jO. 

40 1.979282* 19 

4 1 79223 18 

42 79161 17 

43 79105 16 

44 79046 15 

45 78986 14 

46 78927 13 

47 78867 13 

48 78808 H 

49 78748 10 


l GO 1.978148 
Parts 

, for Versed 
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TABLE XXXVI. 235 


Natural Versed and Suversed Sines. 


/ 

12° 

13° 

14° 

15° 

It 

Suv. 

If 


Parts 



Parts' 


Parts 



Parts 


Vers. 

Versed 

for 

it 

Suvers. 

Versed 

for 

// 

Suvers. 

Versed 

for 

ii 

Suvers. 

Versed 

for 

il 

Suvers. 

0 

021852 

0 

1.978148 

025630 

0 

1.974370 

029704 

0 

1-970296 

034074 

0 

1.965926 

60 

1 

21913 

1 

78087 

1 25666 

1 

74305 

29775 

1 

70225 

31149 

1 

65850 

59 

2 

21973 

2 

78026 

25761 

2 

74239 

29815 

2 

70155 

34225 

2 

65775 

58 

3 

22031 

3 

77966 

25827 

3 

74173 

29916 

3 

70084 

31300 

4 

65700 

57 

4 

22095 

4 

77905 

2.5892 

4 

74108 

29986 

5 

70014 

31376 

5 

65624 

56 

5 

22156 

5 

77814 

25958 

6 

74042 

30057 

6 

69913 

34452 

6 

65518 

55 

G 

22217 

6 

77783 

26024 

7 

73976 

30128 

7 

69872 

34527 

8 

65473 

54 

7 

22278 

7 

77722 

20090 

8 

73910 

30199 

8 

69801 

31603 

9 

65397 

53 

8 

22339 

8 

77661 

26156 

9 

73841 

30270 

9 

69730 

34679 

10 

65321 

52 

9 

22400 

9 

77600 

26222 

10 

7377H 

30311 

10 

69659 

34755 

11 

6 f >245 

51 

10 

22161 

10 

77539 

26288 

11 

73712 

30412 

12 

69588 

31831 

13 

651G9 

50 

11 

022523 

11 

1.977477 

026355 

13 

1.97:1645 

030483 

13 

1.969517 

034907 

14 

1.965093 

40 

12 

22584 

12 

77416 

26421 

14 

73579 

30555 

14 

69445 

31983 

15 

63016 

48 

13 

22610 

13 

77354 

26488 

15 

73512 

30626 

15 

69374 

35060 

16 

61910 

47 

14 

22707 

14 

77293 

26554 

1G 

73146 

30697 

16 

69302 

35136 

18 

64861 

46 

15 

22769 

15 

77231 

26621 

17 

73379 

30769 

18 

69231 

35213 

19 

61787 

45 

16 

22831 

16 

77169 

26887 

18 

73313 

30811 

19 

69159 

35289 

20 

61711 

44 

17 

22892 

17 

77108 

26754 

19 

73246 

30912 

20 

69088 

35366 

21 

61631 

43 

18 

22954 

18 

77046 

26821 

20 

73179 

30984 

21 

69016 

35443 

23 

64557 

42 

19 

23016 

19 

70984 

26888 

21 

73112 

31056 

22 

68614 

35519 

24 

61481 

41 

20 

23078 

20 

76922 

2695.5 

22 

73045 

31128 

24 

68872 

35596 

26 

64404 

40 

21 

023141 

22 

1.976869 

027022 

24 

1.972978 

031200 

25 

1.968800 

035673 

27 

1.961327 

39 

22 

23203 

23 

76797 

27089 

25 

72911 

31272 

26 

6S728 

35750 

28 

61250 

38 

23 

23265 

24 

76735 

27157 

26 

72843 

31344 

27 

68656 

35827 

29 

61173 

37 

24 

23328 

25 

76672 

27224 

27 

72776 

31417 

28 

68583 

35905 

31 

64095 

36 

25 

23390 

26 

70610 

27292 

28 

72708 

31489 

30 

68511 

35982 

32 

61018 

35 

26 

23453 

27 

76547 

27359 

29 

72641 

31562 

31 

68138 

36059 

33 

63941 

31 

27 

23515 

28 

76485 

27427 

30 

72573 

31634 

32 

68366 

36137 

34 

63863 

33 

28 

23578 

29 

76422 

27191 

31 

72506 

31707 

33 

68293 

36214 

36 

63786 

32 

29 

23641 

30 

76359 

27562 

32 

72438 

31780 

34 

68220 

36292 

37 

63708 

31 

30 

23701 

31 

76296 

27630 

31 

72370 

31852 

36 

68148 

36369 

38 

63631 

30 

31 

023767 

32 

1.976233 

027698 

35 

1.972302 

031925 

37 

1.968075 

036447 

40 

1.963553 

29 

32 

23830 

33 

76170 

27766 

36 

72231 

31998 

38 

68002 

36.525 

42 

63475 

28 

33 

23893 

35 

76107 

27834 

38 

72166 

32071 

40 

C7929 

36603 

43 

G3397 

27 

31 

23956 

36 

76044 

27902 

39 

72098 

32144 

41 

67856 

36681 

44 

63319 

26 

35 

24020 

37 

75980 

27971 

40 

72029 

32217 

43 

67783 

36759 

46 

63241 

25 

36 

24083 

38 

75917 

28039 

41 

71961 

32291 

44 

G7709 

36837 

47 

63163 

21 

37 

21147 

39 

75853 

28107 

42 

71893 

32361 

45 

67636 

36916 

48 

63081 

23 

38 

24210 

40 

75790 

28176 

44 

71821 

32438 

47 

67562 

36991 

49 

63006 

22 

39 

24274 

41 

75726 

28245 

45 

71755 

32511 

48 

67489 

37072 

51 

62928 

21 

40 

24338 

42 

75662 

28313 

46 

71687 

32585 

49 

67415 

37151 

52 

62819 

20 

41 

024401 

43 

1.975599 

028382 

17 

1.971618 

032658 

50 

1.907342 

037230 

53 

1.962770 

19 

42 

24465 

44 

75535 

28451 

48 

71549 

32732 

52 

67268 

37308 

55 

02692 

18 

43 

24529 

45 

75471 

28520 

49 

71480 

32806 

53 

67194 

37387 

56 

62613 

17 

41 

24593 

16 

75407 

28589 

50 

71411 

32880 

54 

67120 

37466 

57 

62531 

16 

45 

24658 

47 

75342 

28658 

52 

71312 

32954 

55 

67046 

37545 

59 

62455 

15 

46 

24722 

49 

75278 

28727 

53 

71273 

33028 

57 

6G972 

37624 

60 

62376 

14 

47 

24786 

50 

75214 

28790 

5-1 

71204 

33102 

58 

66898 

37703 

61 

02297 

13 

48 

24851 

51 

75149 

28866 

55 

71131 

33177 

59 

66823 

37782 

63 

62218 

12 

49 

24915 

52 

75085 

28935 

56 

71065 

33251 

GO 

00749 

37861 

64 

62139 

11 

50 

24980 

53 

75020 

2900.5 

57 

70995 

33325 

62 

66675 

37911 

65 

62059 

10 

51 

025044 

1 54 

1.974956 

029071 

59 

1.970926 

033100 

63 

1.966600 

038020 

G7 

1.961980 

0 

52 

25109 

55 

74891 

29144 

60 

70856 

33174 

64 

66526 

380*19 

68 

61901 

8 

53 

25174 

56 

74826 

29214 

61 

70786 

33549 

65 

66151 

38179 

GO 

61821 

7 

54 

25239 

57 

74761 

29283 

62 

70717 

33624 

66 

GG376 

8M9 

71 

61741 

6 

55 

25301 

58 

74696 

29353 

63 

70617 

33699 

68 

66301 

38338 

72 

61G62 

5 

56 

25369 

59 

71631 

29423 

64 

70577 

33774 

69 

66226 

38418 

73 

61582 

4 

57 

25434 

60 

74566 

29493 

G6 

70507 

33849 

70 

66151 

38498 

75 

61502 

3 

58 

25499 

61 

74501 

29504 

07 

70436 

33924 

72 

G6076 

38578 

76 

61422 

2 

59 

25564 

62 

714 30 

29634 

68 

70366 

1 33999 

73 

66001 

38658 

78 

61312 

1 

60 

025630 

61 

1.974370 

029704 

69 

1.970296 

034974 

74 

1.965926 

038738 

79 

1.961202 

0 

i 

I > 


Parts 



Parts 


| 

Parts 

i 


Parts 



" 

Vera. 

Suvers. 

for 

it 

Versed. 

Suvers. 

for 

II 

Versed. 

Stivers. 

i 1 

for 

1 " 

Verwd. | 

Suvers. 

for 

il 

Versed. 

it 













Suv. 

1 

]67> 1 


166° | 

| 

165° 


m 

0 








236 TABLE XXXVI. 


Natural Versed and Suversed Sines. 


1 

16° 

1 T 

18° 

19° 


r 


Part* 



Part* 



Parts 



Parts 


#1 

Vers. 

Versed 

for 

" 

Suvcrt. 

Versed 

for 

If 

Sumer*. 

Versed 

for 

// 

Sumrr*. 

Versed 

for 

// 

Sum 

1 


0 

038738 

0 

1.961262 

043095 

0 

1.966305 

048943 

0 

1.951057 

054481 

0 

1.915519 » 1 

1 

38818 

1 

61182 

43780 

1 

56220 

49033 

2 

50967 

54576 

2 

1 45424 

59 

2 

38899 

3 

61101 

43865 

3 

56135 

49123 

3 

50877 

54671 3 

45329) * 

3 

38979 

4 

men 

M 

4 

56049 

49213 

5 

50787 

547G6 

i 5 

45234 

it 

4 

99000 

5 

60940 

44030 

6 

55964 

49304 

6 

50696 

54861 

6 

45139 

56 

ft 

39140 

7 

60860 

44121 

7 

55879 

49394 

8 

50606 

54956 

! 8 

45044 

55 

0 

39221 

8 

60779 

44207 

9 

65793 

49484 

9 

505161 

55051) 10 

44949 « 

7 

39302 

9 

60(198 

14293 

10 

55707 

49575 

11 

5042.) 

55146) 11 

44854 

53 

8 

39382 

11 

60618 

44378 

11 

55622 

49665 

12 

50335 

53242 13 

44758- 

44663 

52 

9 

39463 

12 

60537 

44-161 

13 

55536 

49756 

14 

50244 

55337 

14 

51 

10 

39544 

14 

60456 

4-4550 

14 

55450 

49846 

15 


1 55432 16 

4456s 

i 50 

11 

039625 

15 

1.900375 

0441330 

16 

1.955361 

049937 

17 

1.950063 

055528 

18 

1.944472 

! 49 ; 

12 

89706 

16 

60291 

1 44722 

17 

55278 

50028 

18 

49972 

I 55624 

19 

44376) « 

13 

39787 

18 

60213 

4-4808 

19 

55192 

50119 

20 

49881 

1 55719 21 

44281 47 

14 

99869 

19 

60131 

44894 

20 

55106 

50210 

21 

49790 

55815 

22 

44185 

46 

15 

39950 

20 

60050 

14*180 

22 

55020 

50301 

23 

49699 

55911 

24 

44089 

1 45 

1G 

40032 

22 

59968 

45066 

23 

54931 

50392 

24 

49608 

56007 

26 

43993 

•tt 

17 

40113 

23 

59887 

, 45153 

24 

54847 

50483 

26 

49517 

56103 

27 

43897 

43 

18 

40195 

24 

59805 

i 45239 

26 

61761 

50574 

27 

49426 

56199 

29 

43801 

42 

19 

40270 

26 

59724 

45326 

27 

54671 

50666 

29 

49334 

56295 

30 

43705 

41 

20 

40358 

27 

59612 

| 45412 

29 

54588) 

50757 

30 

49243! 

56391 

32 

43609 

21 

040440 

28 

1.959560 

1045199 

30 

I. *154501 

050819 

32 ! 

1.949151 

056188 

31 

1.943512 » 

22 

40522 

30 

59478 

45586 

32 

54414 

50910 

33 

490G0 

56584 

35 

43416 * 

23 

40604 

31 

59396 

45673 

33 

5-1327 

51032 

35 

48968 

56681 

37 

43319 37 

24 

40680 

32 

59314 

45760 

35 

54240 

51124 

36 

48876 

56777 

38 

43223 36 

25 

40768 

34 

59232 

458-17 

36 

54153 

51216 

38 

48784 

56874 

40 

1 4312*' 

* 

2G 

40850 

35 

59150 

45934 

37 

51066 

51308 

39 

48092 

56971 

42 

43029 

*1 

27 

40993 

30 

59067 

46021 

39 

53979 

51400 

41 

48600 

57068 

43 

42932,33 

28 

41015 

38 

58985 

1 46108 

40 

53892 

51492 

42 

48508 

57164 

45 

42836 

42739 

j® 

29 

41098 

39 

58902 

| 46196 

42 

53804 

51581 

44 

48416 

57261 

47 

i 31 

30 1 

41180 

41 

68820 

46283 

44 

53717 

51676 

46 

48324 

57358J 

48 

42612 30 

31 

041263 

43 

1.958737 

046371 

45 

1.953629 

051769 

48 

1.918231 

057456 

51 

11.942544 29 

1 32 

41340 

44 

58651 

46458 

47 

63542 

51861 

50 

48139) 

57553 

52 

42447 

28 

1 33 

41428 

46 

58572 

46546 

48 

63454 

51954 

51 

48046 

57650 

54 

42350 27 

34 

41511 

47 

68489 

46634 

50 

5336(5 

52046 

53 

47954 

57747 

56 

42253 26 

35 

41591 

49 

58400 

46721 

51 

53279 

52139 

54 

478611 

57845 

57 

42155 25 

3G 

41677 

50 

58323 

i 46809 

53 

53191 

52232 

56 

477681 

57942 

59 

42058 

21 

37 

41761 

51 

MM 

46897 

55 

53103 

52324 

57 

47676 

58040 60 

41960 23 

38 

41844 

53 

58156 

46965 

56 

53015 

52417 

59 

47583 

58138 

62 

418621 22 

39 

41927 

54 

58073 

47074 

58 

52926 

52510 

61 

47490 

58236 

61 

41764 21 

40 

42010 

55 

57990 

47162 

59 

52838 

52603 

62 

47397 

58333 

66 

41667 20. 

41 

042094 

57 

1.957906 

047250 

61 

1.962750 

052696 

64 

1.947304 

058431 

67 

1.941569! 19 

42 

42177 

58 

57823 

47338 

62 

52662 

52790 

65 

47210, 

58529 

60 

4147l| 18 

43 

42261 

59 

57739 

1 47427 

64 

52573 

52883 

67 

47117) 

58628 

71 

41372 17] 

44 

42345 

61 

67655 

1 47516 

65 

52484 

521176 

68 

47024 

58726 

72 

41274J 16 ! 

45 

42429 

62 

57571 

| 47604 

67 

MM 

53070 

70 

469:10 

58824 

74 

41176 

* 

4G 

42512 

64 

67488 

1 47693 

68 

52307 

53163 

71 

468371 

58922 

75 

41078 

14 ; 

47 

42596 

65 

67401 

| 47782 

70 

MU 

53257 

73 

46743 

59021 

77 

40979 

40881 

i 13 I 

48 

42680 

66 

67320 

47871 

71 

52129 

53351 

75 

mm 

59119 

79 

J* 

49 

42765 

68 

57235 

! 47960 

73 

52040 

3S444 

76 

46556 

59218 

80 

40782 

11 

50 

42819 

G9 

57151 

| 48049 

74 

51951 

53538 

78 

16162 

59316 

82 

40684 

10 

51 

042933 

71 

1.957067 

,048138 

76 

1.951862 

053632 

79 

1.940368 

059415 

84 

1.940585 

® 

52 

43017 

72 

56983 

l 48227 

77 

517731 

53726 

81 

46274 

59514 

85 

40486 

6 l 

53 

43102 

74 

56898 

48316 

79 

51684 

53820 

82 

46180 

59613 

87 

40387 

l\ 

54 

43180 

75 

56814 

1 48406 

80 

51591 

53915 

84 

4608V 

59712 

89 

40288 

6 

55 

43271 

77 

56729 

48495 

82 

51505 1 

, 51009 

85 

45991 1 

59811 

90 

40189 

:> 

5G 

43350 

78 

56644 

48585 

83 

514151 

1 54103 

87 

15897 

59910 

92 

40090 

4 

57 

43440 

80 

565(30 

48674 

So 

51326, 

1 54198 

88 

45802 

00009 

94 

39991 

3 

58 

43525 

81 

56475 

4S761 

86 

51236 

' 54292 

90 

45708 

G0109 

95 

39891 

*2 

59 

43610 

82 

56390 

4885-1 

88 

511461 

i 54387 

92 

45613 

60208 

97 

39792 

1 

GO 

013695 

83 

1.95(3305 

018943 

89 

|1.951057 051181 

93 

1.945519, 

060307 

98 

1.939693 

0 



Parts 



Part* 



Part* 



Parts 


f 

it 

Ver*. 

Suvcrt. 

for 

It 

Versed 

Savers. 

for 

it 

Versed Stiver*. 

for 

.11 

1 Versed 

1 1 

Suvcrt. 

for 

It 

Versed 

99 
















163° 


162° 


161 

° 1 


160° 

__ 





TABLE XXXVI. 

Natural Versed and Suversed Sines. 


Parts Parts | Parts 

Ver< Versed. f° r I Suiters. Versed, for i Sutxrs. Versed, for Sutter*. Versed. 


0 000307 0 

1 00407 2 

2 00506 3 

3 00000 5 

4 00700 7 

5 00S00 8 

6 60906 10 

7 01000 12 

8 01100 13 

9 01200 15 

10 61300 17 

11 001407 18 

12 61507 20 

13 61607 22 

14 j 61708 23 

15 61809 25 

16 61909 27 

17 62010 28 

18 62111 30 

19 62212 32 

20 62313 34 

21 {062414 35 

22 | 62515 37 

23 62617 39 

24 62718 40 

25 62819 42 

26 62921 44 

27 63023 46 

28 63121 47 

29 63226 49 

30 63328 51 

31 ; 063430 53 

32 63532 55 

33 63634 57 

31 63736 58 

35 63838 60 

36 63940 62 

37 64043 63 

38 64145 65 

39 64248 67 

40 64350 69 

41 064453 70 

42 645.56 72 

43 64659 74 

44 64762 75 

45 64865 77 

46 64968 79 

47 65071 81 

48 65174 82 

49 65278 64 

50 65381 86 

51 065485 87 

52 65588 89 

53 65692 91 

54 65795 93 

55 65899 95 

56 66003 96 

57 66107 98 

58 66211 100 

69 96115101 
60 .066420 103 


1.939693 

39593 

39494 

39391 

39291 

39194 

39091 

38991 

38891 

38794 

38694 


066420 0 

66524 2 

66628 4 

06733 5 

66837 7 

66942 9 

67040 11 
67151 12 
67256 14 
67361 16 
67466 18 


1.938593 067571 19 
38493 67676 21 
38393 67781 23 
3S292 67887 25 
38191 67992 26 
38091 68098 28 
37990 68203 30 
37889 68309 32 
37788 68414 33 
37687 68520 35 
1.937586 068626 37 
37485 68732 39 
37383 68838 40 
37282 68944 42 
37181 69050 44 
37079 69157 46 
36977 69263 48 
36876 69369 50 
36774 69476 52 
30672 69582 53 
1.936670 069689 55 
36468 00796 57 
36366 69903 59 
86264 70009 61 
36162 70116 63 
30060 70223 65 
35957 70331 67 
35855 70438 69 
35752 70545 71 
35650 70652 72 
1.935547 070760 74 
35444 70867 76 
35341 70975 78 
35238 71083 80 
3513.5 71 KM) 81 
35032 71298 83 
34929 71406 85 
34826 71514 87 
34722 71622 89 
34619 71730 90 
1.934515 671839 92 
34412 71917 94 
34308 72055 96 
3-1205 72164 98 
34101 72272 100 
33997 72381 101 
33893 72490103 
33789 72598105 
33685 72707 107 
1.933580 072816109 


1.933580 

33476) 

33372 

33267 

33163 

33058 

32954 

32849! 

32744 

mm 

32534] 
1.932429 
32324 
32219 
32113 
32008 
31902 
31797 
316911 
31586, 
314S0 
1.931374 
31268 
31162 
31056 
30950 
30843 
30737 
30631 
30524, 
304181 
1.930311! 
30204 
30097 
29991 
29884 
29777, 
296691 
29562 
29455 
29348 
1.929240 
29133 
29025 
28917 
28810 
28702, 
28594 
28486! 

mm 

282701 

1.928161 

28053 

27945 

27836; 

27728 

27619, 

27510 

27402 

mm 

1.927184 


072816 0 

72925 2 

73034 4 

73143 5 

73253 7 

73362 9 

73471 11 
73581 13 
79600 15 
73800 17 
73910 18 
074019 20 
74129 22 
74239 24 
74349 26 
74459 28 
74570 29 
74680 31 
74790 33 
74901 35 
75011 37 
075122 39 
75232 40 
75343 42 
754.54 44 
75565 46 
75676 48 
75787 50 
75898 52 
76009 54 
I 76120 56 
1076232 58 
1 76343 60 
76455 62 
76566 6-4 
76678 65 
76790 67 
76902 69 
77013 71 
77125 73 
77238 75 
077350 77 
77462 79 
77574 81 
77687 83 
77799 84 
I 77912 86 
78024 88 
1 78137 90 
!< 78250 92 
|l 78362 94 
'078475 96 
78588 98 
78701 100 
78815 101 
1 78928 103 
ii 79041 105 
79154 107 
79268 109 
; 79381 110 
I 079495 112 


1.927184 

27075 

26966 

26857 

26747 

26638 

26529 

26419 

26310 

2fi200 

26090 

1.925981 

25871 

25761 

25651 

25541 

25430 

25320 

25210 

25099 

24989 

1.924878 

24768 

m57 

24546 

24435 

21324 

21213, 

24102 

23091 

23880 

1.923768 

23657 

23545 

23431 

233*22 

huo 

23098 

22987 

22875 

22762 

1.922650 

22538 

22426 

22313 

22201 

22088 

21976 

21863 

21750 

21638 

1.921525 

21412 

21299 

21185 

21072 

20959 

20846 

20732 

20619 

1.920505 


079495 
79609 2 

79723 1 

79836 6 

79950 8 

80064 10 
80178 11 
80293 13 
80407 15 
80521 17 
80636 19 
080750 21 
80865 23 
80979 25 
81094 27 
81209 29 
81324 31 
81439 33 
81554 35 
81G69 37 
81784 38 
081899 40 
82014 42 
82130 44 
82245 46 
82361 48 
82477 50 
82592 52 
82708 54 
82824 56 
82910 58 
083056 60 
83172 62 
83288 64 
83404 66 
83521 68 
83637 70 
83754 72 
83870 74 
83987 76 
84104 78 
081220 80 
84337 82 
84454 81 
84571 86 
81688 88 
84806 90 
84923 92 
| 85040 W 
| 85158 96 
| 85275 98 
085303100 
85510 102 
8562* 101 
85746 106 
85864 108 
85982110 
86100112 
86218 114 
86336 116 
086454 118 


1.92050,5 60 
20391 59 
20277 58 
20164 57 
20050 56 
19936 55 
19822 54 
19707 53 
19593 52 
19479 51 
19364 50 
1.919250 49 
19135 48 
19021 47 
18906 46 
18791 45 
18676 44 
18561 43 
18446 42 
18331 41 
18216 40 
1.918101 39 
17986 38 
17870 37 
17755 36 
17639 35 
17523 34 
17408 33 
17292 32 
17176 31 
17060 30 
1.916944; 29 
16828| 28 
16712 27 
16596 26 
16479! 25 
1C363 24 
16246 23 
16130 22 
16013 21 
15896 20 
1.9157801 19 
156631 18 
15546 17 
15429, 16 
15312 15 
15194 14 
15077 13 
14960 12 
US42 11 
14725 10 
1.914607 9 | 

14490 8 

14372 7 1 

14254 6 

14136 5 

14018 4 

13900 3 

13782 2 

13664 1 

1.9135461 0 


[Parts | Parts Parts I Parts 

Sut>err. for Versed. Suvert . for Versed. Sutters. for Versed. Stivers, for VcTsed. . 










TABLE XXXVI. 

Natural Versed and Suversed Sines. 


'W 

Vencd. for 


08f45l 0 1.1 

86573 2 

86691 4 

86810 6 
MKiS 8 
87047 10 
87166 12 
8728.> 14 
87403 10 
87522 18 
87012 20 
087701 22 1.1 
| 87880 21 
87000 20 
88118: 28 
88238 30 
88357 32 
; 8 H 177 I 31 

88507 30 
88710 38 
I _88830 40_ _ 
"006056 42 1.1 
80070 44 
80100 10 
80310 48 
80430 50 
WK)57 52 
80077 54 
8071*8 50 
80018 58 

1 900:10 00 

(*00150 02 1.1 
00280 01 
00101 00 
00522 08 
90013 70 
90704 72 
00885 74 
01000 70 
01127 78 
01219 80^ _ 
001370 82 Hi 
91492 81 
01013 80 
91735 88 
91867 00 
91979 02 
02100 04 
92222 00 
02345 98 
1 0240 7 100 
002580 102 1.1 
02711 104 
02833 100 
92950100 
93078 111 
93901113 
03324 115 
93446)117 
93569119 
0936921121 1.1 



Part* 

Vencd. 

for 

n 

003092 

“IT 

03815 

2 

M 

4 

94001 

6 

91185 

8 

91308 

10 

91431 

12 

94555 

14 

94678 

16 

u 94802 

18 

| 91925 

21 

1 095019 

23 

95173 

25 

j 95297 

27 

! ' *5121 

29 

95545 

31 

1 95609 

33 

9571*3 

35 

95917 

37 

96042 

30 

90106 

41 

1 096291 

43 

96415 

45 

06540 

47 

96066 

49 

96780 

51 

00011 

54 

07030 

56 

07164 

58 

072M* 

6>0 

1 97415 

63 

007540 

r>5 I 


67 

» 07701 

60 

07016 

71 

08042 

73 

. 08107 

75 

0821*3 

1 77 

OKI 10 

70 

08545 

81 

1*8671 

81 

09871*7 

86) i 

, 08023 

88 

00040 

IX* 

99175 

02 

I 99302 

95 

99428 

07 

Ml 09555 

1*9 

1*96)8 1 

101 

\ 00806 

103 

1 090035 

105 ; 

I (X *06)1 

107 

1 0(*l88l 

100 

00315 

111 

1 09442 

113 

( 00600 

116 

l 00006 

118 

i 00824 

120 

1 00951 

122 

01078 

121 

l 101206 

127 


Part* 

Supers. 

for 

n 


Suvert. ! VcrwcL Supers. 


1.904951 

MW 

01703 

00019 

04455 
04331 
M9W 
01083 

0 MB 
03834 
1.003700 
03585 
03100 
0333.5 
03211 
03086 
02061 
02836 
02711 
02585 
1 -902100 
IMS 
02200 
02081) j 

0195811 
01811 
01707i' 
0158111 
01455 
01320; 1 
1.901203 
01077 
00051 
00M 
0061*8; 
OI0V1 
004451 
00310 
001921 
1.9*0 065, 
1.890030 

90685 
90558, 
99131 
00001 
00176 
00040 
00000 
1.898791 


4 101206 0 

i 01333 2 

> 01461 4 

* 01580 6 

> 01717 8 

J 01844 11 

* 01072 13 

> 02100 15 

> 02228 17 
( 02357 19 

> 02485 21 

! 102613 23 
r 02712 26 
l (*2870 28 

* 02999 30 

> 03127 32 
03250 34 

’ 03385 36 

I 03514 38 

I I 00642 40 
l 03771 43 
i 103901 45 

> 01030 47 

* 04159 49 

> 04288 52 
04410 04 

» 01517 57 
01677 58 
i 01806 60 
01036 62 
i 05066 65 
M 105195 "67 

> 05325 69 

* 05455 71 
l| 0558.') 73 

V 05716 75 
1 0.5HI6 78 
’ 05976) 80 

; 061 Of) 82 

* 06237 81 

V 06367 86 
i 106)498 89 
' 06629 91 

06750 03 
» 06)81*0 95 
< 07021 07 
1 07152 100 

> 07283 102 

* 07411101 

> 07515 106 

> 07677 108 
*107808 FTT 

> 07030 113 

> 08071 115 
' 06202 117 
I 08334 110 
1 OH46fi 122 
i 08508 121 

* (*8721*1126 

> 08861 120 
1 1081 * 1*3 131 


1.81*8701 I 
‘X07 

00M 
08111 
00M 
98156J 
98028 
97900: 
97772; 
90040 
97515 
1.807387 1 
07258:1 
07130, 
97001 I 
06873! 
96744 1 
96615 
96486) 
96358; | 
06221* 
1.896000,11 
05070j 
95811' 
95712 
0558211 
05153 1 : 
05323; 
9'>194l 
9506411 
9493.1 : 
I.SOI805 1 ) 
946751 
94545!! 
94415 1 
91281 
91151! 
04021 ! 
93804! 
937631 
936SS: 
1.803502 [i 
03371. 
03241; 
03110 
90O79 
02848 
00717 
00M 
02455 | 
1*2323 
1.898198 i 
02061 ; 
01020 
01708 
0166)6 | 
01534 , 

01 m 

91271 
91109 
1.801007 1 


110451 23 
I 10584 26 
, 10717 28 
I 10850 30 
| 10083 32 
11116 35 
11210 37 
11383 39 
11516 41 
11650 44 
111783 46 
11917 48 
12051 50 
12185 52 
12318 55 
12452 58 
12587 ( K* 
12721 62 
12855 64 
12980 67 
413123 60 
13258 71 
j 13302 74 
13527 76 
13662 78 
l 13796 81 
13031 83 
14066 85 
I 14201 87 
14336 00 
114471 92 
. 14606 94 
14742 96 
14877 08 
15012101 
15148 103 
15283 105 
15110107 
15555 110 
15600 112 
! 115826 114 
15062 116 
16008 110 
16231 121 
16370 124 
, 16507 126 
16i613 120 
| 16779131 
16016 133 
117052 136 


0 1.891007 GO 

2 90874 59 

1 907421 & 

6 906)1 0 57 

8 00478 56 

1 003451 55 

3 90213 51 

5 90080 53 

7 89948 53 

9 89815 51 

!l 89682 50 

13 1.889549 49 

16 89416 48 


89150 46 
89017 45 
88884 44 
88751 43 
88617 42 
88481 41 , 
68350 40 
1.888217, 39 
880831 38 
879101 37 
8781 .V 36 
87682 1 35 
87.518 34 
' 87413 33 
87279 32 
87145: 31 
8701l| 30 
1.88G877I 29 
86742! 25 
866O0j 27 
86473 26 
86)338 25 
1 86201 21 
86009 23 
859511 22 
85799 21 
85661 20 
1.885529! 19 
85391: 18 
85258 17 
85123 16 
81088* 15 
84852: 14 , 
84717 13 I 
845811 12 
84445 11 
81310 ' 10 
14S84174I 9 


83766V 6 
83630 5 
83493* 4 
833571 3 
83821 2 

1.882948 0 


inrw • ait) 

1 Supers, for Vencd. Supers, for Vened. 
" , st 









TABLE XXXVI. 

Natural Versed and Suversed Sines. 


Parts Part*] 

VeTfc Versed I for Savers. Versed f ° r 


Parts IParts „ 

Versed f° r Suvcrs. Versed , for Stivers. 

I " 


0 117052 0 

1 17189 2 

2 17320 4 

3 17402 G 

4 17599 9 

5 17730 11 

6 17873 13 

7 18010 1G 

8 18147 18 

9 18284 21 

10 18422 23 

11 118559 25 

12 18090 27 

13 18834 30 

14 18972 32 

15 19109 34 

16 19247 37 

17 19385 39 

18 19523 41 

19 19GG1 43 

20 19799 46 

21 119937 48 

22 20075 52 

23 20213 54 

24 20851 56 

25 20490 58 

26 20628 GO 

27 20767 02 

28 20905 64 

29 21044 07 

30 2118 3 09 

31 121322 71 

32 21461 73 

33 21600 76 

34 21739 78 

35 21878 81 

36 22017 84 

37 22156 86 

38 2229(5 89 

39 22435 91 

40 22575 93 

41 122714 95 

42 22854 97 

43 22991 100 

44 23133 1 02 

45 23273105 

46 23113 107 

47 23553 109 

48 23(593 112 

49 23833114 

50 23974 117 

51 124114 119 

52 24254 122 

53 24395 124 

54 24535 126 

55 24676129 

56 24817 1 31 

57 241458 133 

58 25098 13(3 

59 25239 138 

CO 125380 140 


1.882948 
82811 
82674 
82538 
8MN 
822(41 
82127 
81990 
81853 
81710 
81578 
1.8814-11 
81301 
81160 
81028 
80891 
80753 
80615 
80477 
80339 
80201 
1.880063 
79925 
79787 
70648 
79510 
79372 
79233 
79095 
78950 
78817 
1.878078 
78539 
78400 
78261; 
781221 
77983 
77844 
77704 
7750.-, 
77425 
1.877286 
771 10 
77006 
76867 
76727 
76587 
76447 
76307 
76167 
76026 
1.875886 
75746 
75605 
75465 
75321 
75183 
75042 
74902 
74761 
1.874620 


125380 0 

25521 2 

25662 5 

25804 7 

25945 9 

26086 12 
26228 14 
26369 16 
26511 19 
26652 21 
26794 24 
126936 26 
27078 29 
27220 31 
27362 33 
27504 36 
27646 38 
27788 40 
27931 43 
28073 45 
28216 47 
128358 49 
28501 52 
28643 51 
28786 56 
28929 59 
29072 61 
29215 64 
29358 66 
29501 69 
29641 71 
129788 74 
29931 77 
30074 79 
30218 82 
30361 84 
30505 87 
30619 89 
30793 91 
30936 94 
31080 96 
131224 98 
31368101 
31513 103 
31657 105 
31801 108 
31946 110 
32090 112 
32234 115 
32379117 
32524 119 
132669 122 
32813 124 
32958 127 
33103 129 
33218 132 
33393 134 
33539 137 
33684 139 
33829 142 
133975 14-4 


1.874620 

74479 

74338 

74196 

74055 

73914 

73772 

73631 

73489 

733-18 

73200 

1.873004 

72922 

72780 

7203s 

72490 

72354 

72212 

72009 

71927 

71781 

1.871042 

71491) 

71357 

71214 

71071 

70928 

70785 

70642 

70499 

70350 

1.870212 

70009 

69920 

09782 

69639 

69495 

69351 

69207 

69064 

6892 0 

1.868776 

68632 

68487 

68343 

68199 

68054 

emo 

07706 

C7G21 

67476 

1.867331 

67187 

67042 

66897 

66752 

66607 

66461 

66316 

66171 

1.866025 


133975 0 

34120 2 

34266 5 

34411 7 

34557 9 

34703 12 
34849 1 5 
34994 17 

mm 19 

35287 22 
35433 24 
135579 27 
35725 29 
35872 32 
36018 34 
36164 37 
36311 39 
36458 41 
36604 44 
3(3751 46 
36898 49 
137045 51 
37192 54 
37339 56 
37486 59 
37634 61 
37781 63 
37928 66 
38076 68 
38223 71 
38371 74 
138518 77 
38666 80 
38814 82 
38962 8-4 
39110 87 
39258 89 
3910(3 92 
39551 94 
39702 97 
39851 99 
139999 102 
40148 103 
40296106 
40445 109 
40594 112 
40712 114 
40891 116 
41040 118 
41189 121 
41338 12-4 
141487 126 
41636 129 
41780131 
41935 134 
42084 130 
42234 139 
42384 142 
HBM 145 
I 42683147 
,142833 1 49 


1-80(3025 

65SS0 


1.8(34421 

04275 

64128 

63982 

G3S3i; 

MON 

63542 

63396 

63249 

63102 

1.862955 

62808 

02061 

62514 

623(30 

62219 

02072 

61924 

01777 

61G29 

1.801482 

01331 

61180 

01038 

60890 

00742 

00594 

(30446 

60298 

60149 

1.860001 

59852 

59704 

59555 

59406 

592-58 

59109 

589G0 

58811 

5866 2 

1.858513 

58364 

58211 

58065 

57910. 

577(30 

5701 o; 

574G7I 

57317 

1.857167 


142833 0 

42983 3 

43132 5 

43282 8 

43433 10 
43583 13 
43733 15 
43883 17 
44034 20 
44184 22 
44334 25 
144485 27 
44(336 30 
44786 32 
44937 35 
45088 38 
45239 40 
45390 43 
45541 45 
45692 47 
4584 4 50 
145995 52 
46146 55 
46298 57 
4(3449 60 
46601 62 
-40752 65 
4(3904 67 
47050 70 
47208 73 
47300 76 
147512 78 
470(34 81 
47810 83 
47908 85 
48121 88 
48273 90 
48425 93 
48578 90 
48731 99 
48883 102 


149036 105 
49189 107 
49342 109 
49495 111 
49648114 
49801 117 
49951119 
50107 122 
50261125 
50111128 
150567131 
50721 133 
50875 135 
51028138 
51182 140 
5133(3 113 
51490 145 
51644 148 
51798151 
151952 153 


1.857167 60 
57017 59 
5(3868 58 
56718 57 
5(3507 56 
56417 55 
562(37 54 
5(3117 53 
55966 52 
5581(3 51 
55666 50 
1.855515 49 
55364 48 
55214 47 
55063 46 
54912 45 
54761 44 
54610 43 
54459 42 
54308 41 
54 156 40 
1.854005 39 
53854 38 
53702 37 
53551 30 
53299 35 
53248 34 
53096 33 
52944 32 
52792 31 
52( 310 130 
1.852188 29 
52336 28 
52184 27 
52032 26 
51879 25 
51727 24 
51575 23 
51422 22 
51269 21 
51117 20 


1.850964 19 
50811 18 
50(358 17 
50505 16 
50352 15 
50199 14 
5004(3 13 
49893 12 
49739 11 
49586 

1.849133 9 
49279 8 

49125 7 

48972 0 

48818 5 

48064 4 

48510 3 

48356 2 

48202 1 

1.818048 0 


Parts Parts Parts Parts 

Savers, for Versed. Savers, for Versed. Stivers . 1 for Versed. ■ Savers. r ° r Versed. 


151° 


ISO 0 


149° 






TABLE XXXVI. 

Natural Versed and Suversed Sines. 


V«J rS? 

Ver **,V«wd ** Stivers. 


) 151952 0 

52106 3 

! 52200 5 

52415 8 

52569 10 
52723 13 
52878 16 
5303:) 18 
53187 20 
53342 23 
53497 26 
‘153652 2«’ 
53807 31 
53962 33 
54117 36 
54272 39 
54427 41 
54583 44 
54738 47 
54894 49 
55019 52 
155205 54 
55360 57 
55516 60 
55672 62 
55828 65 
559K1 68 
56140 72 
56296 74 
56152 76 
56009 78 
’ 156765 81 
56921 HI 
57078 87 
5723-1 90 
57391 92 
57548 94 
57704 97 
57861 99 
58018 102 
58175 105 
158332 I os 
58489 111 
58616 113 
58801 115 
58961 118 
59118 121 
59276 123 
59433 126 
59591 128 
59749 131 
159906 131 
6006-1 136 
60222139 
00380 142 
60538 144 
60696 147 
60854 150 
61013 152 
61171 155 
161329 157 


1.8-18048 
47894 
47740 
475 s., 
47431 
47277 
47122 
46967 
46813 
46658 
Ili503 
1.84634s 
46193 
46038 
45883 
4572s 
45573 
15 11 7 
45262 
45106 
44951 
1.844795 
44640 
44484 
44328 
44172 
*44016 
43860 
43704 
43548 
43391 
1.843235 
43079 
42922 
49760 
42609 
42152 
42296 
12139 
41982 
41825 
1.841668 
41511 
41354 
41196 
41039 
40882 
40724 
40567 
40109 | 
40251 
1.840094 
39936 
39778 
39620 
39462 ' 
39304 
39146 
38987 | 
38829 
1.838671 


Putt Puts i Parts 

Versed for Svvrrs. Versed for i Starr*, i Versed 1 for Smcrs. 


161329 0 

61488 3 

61646 5 

61805 8 

61961 11 
62122 13 
62281 16 
62410 19 
62599 22 
62758 24 
62917 27 
163076 29 
63236 32 
63395 35 
6355-1 38 
63714 40 
63873 43 
(>4033 46 
64193 48 
61352 51 
64512 54 
161672 56 
(>4832 59 
64992 62 
65152 65 
65312 67 
65473 70 
65633 72 
65793 75 
65954 78 
66114 81 
166275 81 
66135 87 
66596 90 
66757 93 
6691S 95 
67079 98 
67210 101 
67401 103 
67562 106 
| 67723 108 
167885111 
68016114 
68207 116 
6H369 119 
68530 121 
68602 124 
68854 127 
09016 129 
69177 132 
60330 135 
169501 138 
69663 141 
60626 143 
6998S 146 
70150 148 
70312 151 
70475 164 
70637 156 
708001159 
1709621162 


HR 

38512 
3835 1 

MM 

38036 
37878 
37719 
37560 
37401 
37242 
37083 
1.830924 
367(54 
36605 
36110 
36286 
30127 
35* >07 
35807 
35(548 
35488 
l .835328 
35168 
3500s 
84848 
3 loss 
34527 
34367 
31207 
31010 
33880 
1.833725 
33505 
33404 
33213 
33082 
32921 

am 

32599 
32438 
32277 
1.832115 
3195-1 
31793 
31631 
31470 
31308 
31146 
30984 
80683 
30661 
1.830499 I 
30337! 
30174 
30012 
29650 
29668 
29525 
29303 
90190 
1.82903811 


170962 0 

| 71125 3 

71288 6 

71451 8 

71614 11 
71777 14 
71940 16 
72103 19 
72266 22 
72429 25 
72593 27 
172756 30 
72919 33 
73083 36 
73247 38 
73410 41 
73574 44 
73738 47 
73902 49 
74066 52 
74230 55 
174394 57 
74558 60 
74722 63 
74887 (55 
75051 68 
75215 71 
75380 73 
75544 76 
75701) 79 
75874 82 
170039 81 
76203 87 
76368 90 
7653:) 93 
76698 96 
76864 99 
77029 102 
77191 105 
77359 108 
77525 111 
177090 114 
77856 116 
78022 119 
78187 122 
78353 125 
78519 128 
78685 131 
78851 121 
79017 136 
79183 139 
179349142 
79515 145 
79682 147 
79818 150 
80015 153 
80181 156 
80318 158 
80514 161 
80681 16-1 
180848 166 


1.829038 
28875 
28712 
2S549 
2H3S< • 
28223 
28060 
27897 
27734 
27571 
27407 
1.827244 
27081 
26917 
26753 
26590 
26426 
26202 
20098 
2593 I 
25770 
1.825606 
25442 
25278 
25113 
21919 
24785 
24620 
24456 
24291 
21126 
1.823961 
23797 
23632 
22167 
23302 
23136 
229711 
22800 
22641 
2217.5 
1.822310 
22144 
21978 
21813 
21G47 
21481 
21315 
21149 


1.820651 
20485 
20318 
9 >1.52 
19985 
19819j 
19652 
19486 
19319 
1.819152 


180848 0 

81015 3 

81182 6 
81349 9 
81516 11 
81683 14 
81850 17 
82018 20 
82185 23 
82352 25 
82520, 28 
I826S7 31 
82855 34 
83023 36 
83191 39 
83358 42 
83526 44 
83094 47 
83802 50 
84030 53 
84199 56 
184367 58 
81535 61 
84704 64 
84872 67 
85041 70 
85209 73 
85378) 76 
85547 79 
85716) 82 
85884 84 
186053] 87 
80222 90 
86392! 93 
865611 95 
86790( 98 
8689*) 101 
87009104 
87238 107 
87108 110 
87577113 
187747115 
8791G118 
88086 121 
88256124 
88426127 
88590 130 
68706 133 
88936136 
89106139 
89277 142 
189447 114 
89617 147 
897ns 150 
89098 193 
90120 156 
90300 159 
90470162 
90641 164 
00812 107 
190983 170 


1-819152 W 
18985 » 
18818] 58 
18651; 57 
18484 56 
18317 55 
18150 54 
17982) 53 
17815) 52 i 
17648! 51 
1743) ! JjL 
1.817313 40 
171451 * 
16077 47 
16800 46 
16612 45 
16474 44 
16306! 43 
16138! 42 
15970] 41 
15801 40 
1.815633 » 
15465) 38 
15296! 37 
15128 36 
14959 35 
14791 31 
146221 33 
1-4453, 32 
14284 31 
14116) JO 
14)13047 » 
13778 2S 

imm t 

13430 26 
13270 33 


12762 22 
12592| 21 
12423 » 
1.812253) 19 
12084 18 | 
11914) 17 
11744) 16 
11574 15 
11404; 14 
11234 13 
11061! 12 
10891! II ! 
10723 ) JOJ 
1.810553) 9 
103831 § 
10212 7 
10042) 6 
09871 5 | 
09700) 4 [ 
09530 3 
09359) 2 
091W 1 
1.809017) 0 


Parts Parts 11 Parts Parts 

Stivers. for Versed Suvrrs. for Versed Suvcrs . for Versed Stivers, for | Versed 


145° 


144° 








TABLE XXXVI. 

Natural Versed and Suversed Sines. 


241 


' 1 


3<5° 

37° 


3IP j 


39 

o 


" 


Parts 

Savers. 1 

I Parts 



Paris 


(Parts 


Suv. 

Vex*. 

Versed 1 f°r 

u 


Versed 

tor 

If 

Savers. 

Versed 

fur 

li 

Savers. 

Versed 

for 

// 

Savers. 

0 

100083 

0 

1.809017 

201391 

~0 

1.798636 

211969 

0 

1.788011! 

222*54 

~0 

uffYut, 

<«> 

1 

01154 

3 

08846 

01540 

3 

98-160 

12168 

3 

87832 

23037 

3 

7<i%3 

59 

2 

91325 

6 

08675 

01715 

6 

98285 

12348 

6 

87652 

23220 

6 

767*0 

58 

3 

91496 

9 

08504 

01890 

9 

98110 

12527 

9 

87473 

23404 

9 

765% 

57 

4 

91667 

11 

08333 

02065 

12 

97935 

12706 

12 

87291 

23587 

12 

76113 

56 

5 

91839 

14 

08161 

02241 

15 

97759 

12886 

15 

87114 

23770 

15 

76230 

55 

6 

92010 

17 

07990 

02416 

18 

97584 

13065 

18 

86935 

23954 

18 

70046 

54 

7 

92181 

20 

07819 

02592 

20 

97408 

13244 

21 

86756 

21137 

21 

75863 

53 

8 

02353 

23 

076171 

02767 

23 

97233 

134£1 

24 

86576 

24321 

21 

75679 

52 

9 

02525 

26 

07475 

02913 

26 

97057 

1360-1 

27 

86396 

21504 

27 

75496 

51 

10 

02606 

29 

073041 

0311fc 

29 

96882 

13783 

30 

86217 

24688 

31 

75312 

50 

11 

192868 

32 

1.807132 

203291 

32 

1.796706 

213963 

33 

1.786037 

221872 

31 

1.775128 

49 

12 

93040 

34 

06060) 

03170 

35 

96530 

14143 

36 

85857 

25056 

37 

74945 

48 

13 

93211 

37 

06789 

03646 

38 

96351 

14323 

39 

85677 

25239 

10 

74761 

47 

14 

93383 

40 

06617; 

03822 

41 

96178 

14503 

42 

85497 

25423 

43 

74577 

46 

15 

03555 

43 

06415! 

03(198 

14 

96002 

14683 

45 

85317 

25607 

46 

74393 

45 

16 

03727 

46 

06273! 

91174 

47 

95820 

14863 

48 

85137 

25791 

49 

74209 

44 

17 

03899 

49 

06101 

94350 

50 

95650 

15043 

51 

64957 

25976 

52 

74024 

43 

18 

04072 

52 

05928 

04527 

53 

95473 

15224 

54 

64776 

26160 

55 

73840 

42 

19 

04244 

55 

05756 

(11703 

56 

95297 

15401 

57 

84596 

26344 

58 

73656 

41 

20 

91416 

57 

05584 

04879 

59 

95121 

15564 

60 

64416 

26528 

61 

73472 

40 

21 

104589 

00 

1.805411 

2050.56 

62 

1.791944 

215765 

63 

1.784235 

226713 

65 

1.773287 

39 

22 

94761 

63 

05239 

05232 

65 

94768 

15945 

66 

84055 

26897 

68 

73103 

38 

23 

91034 

66 

050G6| 

05409 

68 

94591 

16126 

69 

83874 

27082 

71 

72918 

37 

24 

95106 

69 

04894 

9558.5 

71 

94415 

16306 

72 

83091 

27266 

74 

72731 

36 

25 

95279 

72 

04721 

05762 

74 

94238 

16187 

75 

63513 

27451 

77 

72519 

35 

26 

95452 

75 

94.548 

05939 

7G 

94061 

16668 

78 

83332 

27636 

80 

72164 

34 

27 

95624 

78 

01376 

06116 

79 

93884 

16649 

81 

83151 

27821 

83 

72179 

33 

28 

9)797 

81 

04203 

06293 

82 

93707 

17030 

84 

82970 

28005 

86 

71995 

32 

29 

96970 

84 

01030 

06470 

85 

93530 

17211 

87 

82789 

28190 

89 

71810 

31 

30 

96143 

86 

03857 

06617 

88 

93353 

17392 

90 

82<>08 

28375 

92 

71625 

30 

11 

106316 

89 

1.803684 

20G821 

92 

1.793176 

217573 

94 

1.782127 

228560 

97 

1.771 MU 

29 

12 

96480 

92 

03511 

U7U01 

95 

92999 

17754 

97 

82246 

28740,100 

7125-1 

28 

33 

90662 

95 

03338 

07178 

98 

92822! 

17935 

100 

82065 

28931 

103 

71069 

27 

34 

06836 

98 

03164 

07356 

101 

92644 

18117 

103 

81S83 

29116 

106 

70881 

26 


97009 

101 

02991 

07533 

104 

92467 

18298 

106 

81702 

29301 

109 

70699 

25 

36 

97182 

104 

02818 

07710 

107 

92290 

18480 

109 

81520 

29487 

112 

70513 

24 

S7 

97356:107 

02944 

07888 

110 

92112 

18661 

112 

81339 

29G72 

115 

70328 

23 

38 

97629 

no 

02471 

08065 

113 

91935 

18843 

115 

81157 

29858 

118 

70142 

22 

30 

97703 

113 

02297 

08213 

116 

91757 

19021 

118 

80976 

30043 

121 

69957 

21 

10 

97877 

116 

02123 

08421 

119 

91579 

19206 

121 

80791 

30229 

124 

69771 

20 

1 41 

198050 

118 

1.801950 

208599 

121 

1.791401 

219388 

125 

1780612 

230115 

127 

1.769585 

19 

*2 

21121 

01776 

08776 

124 

91224 

19570 

128 

80430 

30600 

130 

69100 

18 

43 

063981124 

01602 

08954 

127 

91046 

197511 

131 

80249 

30786 

133 

69214 

17 

44 

98.5721127 

01428 

09132 

130 

90868 

19933 

13-4 

80067 

30972 

130 

60028 

10 

45 

98746 

130 

01254 

09310 

133 

90690 

20116137 

7BB84 

31158 

139 

68842 

15 

16 

98920 

133 

01080 

09488 

136 

90512 

20298 

140 

79702 

31314 

143 

68656 

14 

47 

99094 

136 

00006) 

09667 

139 

mss 

20480113 

7HBD 

31530 

146 

68170 

13 

18 

99269 

139 

007311 

09815 

142 

90155 

20662 

146 

7933*1 

3171G 

149 

68281 

12 

10 

99443 

142 

005571 
00383 

10023 

145 

809771 

20644 

149 

79156 

31903 

152 

68097 

11 

50 

99617 

145 

10202 

148 

89798) 

I 21027 

152 

78973' 

32089 

155 

67911 

10 

51 

199792 

147 

1.800208 

210380 

151 

1.789020 

,221209 

155 

1.778791' 

232275 

158 

1.707725 

9 

1 52 

199906 

150 

1*8000311 

10559 

154 

89441 

1 21392 

158 

78608 

32462 

161 

67538 

8 

. 53 

200141 

153 

1.799859 

10737 

157 

89263 

I 21574 

161 

78426 

32648 

164 

67352 

7 

54 

00315 

156 

99685 

1 10916 

160 

89084 

1 21757 

164 

78243. 

32835 

167 

67165 

6 

1 55 

00490 150 

99510 

1 11095 163 

88905 

| 21940 

167 

78060 

33021 

171 

66979 

5 

56 

00065162 

99335 

11273166 

88727 

22122 

170 

77878 

33208 

174 

66792 

4 

57 

00840 165 

00100 

11452 169 

88518 

22305 

173 

77695 

33395 

177 

66605 

3 

58 

01015 108 

MBS 

11631 172 

BBSS) 

22488 

176 

77512! 

33582 

180 

66418 

2 

59 

01180 

171 

98811 

1 118101175 

88190 

! 22671 

179 

77329 

33769 

183 

66231 

1 

«L 

201 361 

174 

1.798636 

l2119891178 

1.788011 

1 22854 

182 

1.777116 

233956 

186 

1.7660141 0 
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Parts 
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Vers. 
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| Savers. 

i tor 

Versed. 
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! for 

n 

Versed. 

:_ 

1 Savers. 
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" 

Versed 

" 


143? 

142° 


141 

o 
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\ TABLE XXXVI. 

Natural Versed and Suversed Sines. _ 

40P 41° I 42° * 43° 

Ipartsl jpaital ! IPttts! i l*^ rt *l 

Versed. tot Sum. Vened tot | 8mm- Versed , far j Sum- | Versed . for Suvrr*. 


233956 0 1.7 

34143 3 

31330 G 
31517 9 

31704 13 
31*91 16 
35079 19 
35260 22 
35453 25 
35011 28 
| 35829 31 
236016 34 1.7 
36204 38 
30392 41 
3fk580 44 
36768 17 
36050 50 
37114 53 
37332 57 
37520 <i0 
37708 G3_ 
287896] 66 1.7 
3*0K> 09 
38273 72 
38162 75 
88050 78 
38839 82 
80098 85 
39216 88 
39105 91 
39591 91 
239783 98 1*7 
39972 101 
40161 105 
40350 108 
40539 111 
40729114 
10918 117 
41107 120 
41297 123 
41486 127 
241070 130 1.7 
11800 133 
42055 130 
42245 139 
42435142 
42625 116 
42815 149 
43005 152 
43195 155 
43385 158 
213575 161 1.7 
43706165 
43956 168 
44146 171 
14337 174 
44528 177 
44718 180 
44909 184 
45100 187 
215290 190 !•: 

Parts 

I for V 


1.245290 0 

r 45181 3 

) 15672. 6 
Si 45863 10 
j 160511 13 
) 46245; 16 
I j 40137 19 
I ) 4662* 22 
J 46819 25 
) 47011 28 
l I 47202) 32 
1 947894 35 
51 47585 38 
!i 477771 41 
) 1796* 41 

l 48160 18 
1 j 48352 51 

> 48541 5 4 
J 48730 57 
) 48928 00 
i 19120 01 
l 949312 67 

> 19591 70 
r 49697 73 
, 49889 76 
) 50081 80 
l 50274 83 
t 50166 86 
1 506591 89 

> 50852 92 

> 51014 96_ 
r 251237 10! 

H 51430 104 

> 51623 107 

4 61816110 
I 69009 113 
I 52202117 
l 52395 120 
\ 525881123 
1 52782 126 
1 52975 129 
I 253108 133 
1 53302 130 

5 53555139 
5 53749142 
5 53943145 
5 51130)149 
5 54330 152 
5 51524 155 
5 54718159 
5 54912 102 
5 255100100 

1 55300 169 
4 55494 172 
4 55688175 
3 55883 178 

2 50077 181 
2 50272 1*1 
1 50166188 
0 56661191 
0 256855 191 


1.751710],2568551 0 
51519 57050j 3 

513281 57245 7 

54137 57139; 10 
530161 57634 13 
53755* 57829 17 
53503 58021 20 
53372 58219 23 
53181 58114 26 
529*9, 58609 29 
52798 58805 33 
1.7..2000' 2 .'NMXi 30 
52115 59195 39 

59293 59391 42 
59032 59586 45 
51810! 59782 49 
5101H 1 59977 52 
51456 60173 55 
51201 00309 58 
51072 60565 69 
50880! 00701 05 
1.750688 960057 68 
50496 61152 71 
50303 61319 75 
50111 61515 78 

49919 61741 81 
49726 61937 84 
49531 62133 88 
49341 62330 91 
19148 02526 94 
48956 62723 98 
1.748763 262919 103 
IV*70 63116106 
4*377 63313 110 
MM <>3509113 
17*8)1 (.3706 116 

47798 63903 119 
47605 64100 123 
47412 <>4297 126 
47218 61191129 
47025 1 01091 132 
1.746832 264*8* 135 
1003* 050V* 139 
46445 65283 142 
46251 65180 145 
10057 65677 149 
45*04 65875 152 
45070: 06073155 
45476; 66270 158 
152*2 6616*102 
450881 66666166 
1.744894 
44700 
44506' 

44312 
44117| 

439231 
43728 
13534 
43339 
1.743145 


266863 169 
67061 172 
67259 175 
67457 178 
67655 182 
67853 185 
68051 188 
68250 191 
68148 194 
268046 197 


1 743145 : 
42950 
12755 
42561 
12360 
42171 
41976 
41781 
41586 
41391 
41195 1 
1.741000 
10805 
10G09 
40414 
10218! 
10023 
39827 
39631 
39435 
39239 
1.739043 
3*M* 
38651 
38455 
38959 
38063 
37867 
37070 
37474 
372771 
1.7370*1 
36881 
30087 
36191 
36294 
30097 
35900 
35703 
35500 
35309 
1.735112 
34915 
31717 
34520 
34323 
34125 

33730 
33532 
33334 
1.733137 
32939 
3*2741 
I854S 
32345 
89117 
31949' 
31750 
31552 
1.731354 


268616 0 
68815 3 

09013 7 

09242 10 
<19410 13 
09639 16 
0983* 20 
70037 23 
70235 26 
70134 29 
70633 33 
270832 36 
71031 39 
71230 12 
71430 16 
7162!) 50 
71828 53 
7202* 56 
72227 GO 
72427 63 
72020 G6 
272826 70 
73026 73 
73225 76 
73425 80 
73685 S3 
73825 86 
74025 90 
74225 93 
74125 98 
71020 100 
274*20 101 
75026 107 
75227 110 
75127 113 
75628 117 
75828 120 
76029123 
76229 127 
76130 130 
76631 134 
276832 137 
77033 1 11 
77234144 
77435 147 
77636150 
77837154 
78038157 
78210 161 
78441 161 
78613 168 
278844 171 
79046 174 
79217 177 
79449 181 
79651 184 
79852 188 
80054 191 
80256 194 


31155! 

59 

309571 

58 . 

30758- 

57 

30560 

56 , 

30361 

55 

301 <72 

54 

29963 

53 

mm 

52 

29566 

51 

mtm 

50 

1.72916* 

49 ' 

2*909' 

48 


47 

28570 

46 

28371 

45 

2*172 

44 | 

27972 

43 

27773! 

42 

27575 

41 | 

27374. 

40 

1.727174 

39 

20974 

3* 

26775 

37 

26575 

36 ; 

26375 

35 

26175 

34 

25975 

33 

25775 

32 

25575 

31 

25374 

30 

1 725174 

29 

24974 

2* 

24773 

27 

24673 

26 

24372 

25 ■ 

24172 

24 

23971 

23 

23771 

22 

23570! 

21 

23309 

20 

1.723168 

19 j 

22967 

18 t 

227G6 

17 

22565 

16 

22364 

15 ! 

22163 

14 

21962 

13 i 

21760 

12 1 

21559 

11 1 

21357 

10 , 


804581197 

280660)201 


Parts Parts’ Parts 
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TABLE XXXVI. 

Natural Versed and Suversed Sines. 


v J i I’arta Parts 

| Versed, for Suva*. Versed. for Suva*. Versed. {ar Suva*. Versed, for Suva*. 


0 2H0G60 0 

1 808(32 3 

2 81001 7 

3 812(37 10 

4 8110) 14 

5 810711 17 

6 81874 20 

7 8207(31 21 

8 82279 27 

9 82181 31 


10 82(381 34 

11 282887 ^8 

: ! 

13 83292 15 

14 82195 48 

15 83(398 51 

1(3 83901 55 

17 81104 58 

18 81307 (32 

19 81510 (35 

20 84714 G8 

21 281917 72 

22 85120 75 

23 85321 79 

*31 85527 82 

25 85731 85 

20 85931 88 

27 80138 92 

28 86312 90 

29 8054(3 99 

30 86750 102 

31 286953 106 

32 87157 109 

33 87301 112 

31 87560 110 

35 87770 119 

36 87974 123 

37 88178 120 

38 88383 130 

39 88587 131 

40 88791 137 

41 28891*0 140 

42 89201 143 

43 89105 140 

11 89010 150 

15 89815 153 

10 90019157 

47 90221 100 

48 90429104 

49 90031 107 

50 90839 171 

51 291044 174 

52 91250177 

53 91455 181 

54 91000184 

55 91865 188 

56 92071 191 

57 922761195 

58 92182198 

59 92688 202 
00 2928931205 


1.719310 

19138 

18930 

I87SS 

18531 

1832:. 

18120 

17921 

17721 

17519 

1731G 

1.717113 

10911 

10708 

10505 

10302 

10099 

15896 

15093 

15490 

15286 

1.715083 

14880 

14070 

14473 

14209 

14060 

13862 

13058 

13154 

13250 


292893 0 

93099 3 
93305 7 

93511 10 
93710 14 
93922 17 
91128 21 
91334 24 
94511 28 
94747 31 
94953 31 
295159 38 
95360 41 
95572 45 
95779 48 
95985 52 
9G192 55 
90399 59 
9G605 62 
96812 GG 
97019 09 
297226 73 
97433 70 
97040 80 
97817 83 
9805-1 86 
96201 IK) 
98109 93 
!)6070 97 
98883 100 
99091 103 


1.713047 299298107 
12813| 99500 111 
12639 ! 99713 114 
12431 299921 118 
12230 300129 121 
12026 00337 125 
11822 00545 128 
11617 00752132 
11413 00900 135 
11209 01108139 
1.711001 301377 142 
10799 01585 145 
10595 01793 149 
10390 02001 152 
10185 02210 156 
09981 02418159 
09770 020201G3 
09571 02835 100 
09306 03013170 
09101 03252173 
1.708950 303401 177 
08750 03070180 
08545 03878181 
08310 04087 187 
081351 04290191 
07929i 01505 191 
0772-1 04714 198 
07518* 04923 201 
07312 05132 205 
1.707107 305342208 


1.707107 305312 0 
00901j 05551 3 

0GG95 05700 7 

00-189 05970 11 
00284 00179 14 
0G078 06389 18 
058721 00598 21 
05000 06808 25 
05459 07017 28 
05253 07227 32 
05047 07437 35 
1*704811 307647 39 
01031 07857 42 
04428 08007 40 
01221 08277 49 
04015 08187 52 
03808 08097 50 
03001 08907 59 
03395 09118 03 
03188 09328 00 
02981 09538 70 
’ 1*702774 309749 73 
02507 09959 77 
02300 10170 80 
02153 10380 84 
01910 10591 87 
01739 10802 91 
01531 11013 91 
01324 11224 98 
01117 11134 101 
_00909 11045 105 
1*700702 311850 110 
00491 12068 113 
00287 12279117 
1.700079 12490 120 
1.099871 12701 124 

99603 12912 127 
99455 13121 131 
99218 13335 131 
99040 1 3547 138 
98832 1 13758141 
1.098023 313970 114 
98115 14182148 
98207 14393 152 
97999 14005 156 
97790 14817 159 
97582; 15029 1G3 
97371! 15211 107 
97165 15453170 
90957 15005 174 
96748] 15877 177 
1.096539 310089 181 
90330 10302181 
90122; 10514 188 
95913 10720191 
95704 1G939|195 
95495 17151 198 
95280 17361202 
650771 17570 205 
91808 17789209 
1.691058: 318002 212 


1.091058 
91449 
04240 
91030! 
93821 1 
93011! 
93102 
931921 
92983 
92773 
925G3 
1.G923531 
92113 
91933 
91723 
91513 
91303 
91093 
90882 
90072 
90102 
1.090251 
90611 
89830 
89620 
89409 
89198 
88987 
88770 
88500 
88355 
1.688144 
87932 
87721 
87510 
87299 
87088 
8687G 
80005 
86153 
86212 
1.080030 
85818 
85007 
85395 
85183 
84971 
81759 
84547 
81335 
84123 
1.083911 
83098 
83180 
83271 
83001 
82819 
82036 
82124 
82211; 
1.681998 


318002 0 

18*214 4 

18127 7 

18040 10 
18853 14 
19000 18 
19279 21 
19192 25 
19705 28 
19919 32 
20132 36 
320345 39 
20559 43 
20772 40 
20980 50 
21199 53 
21413 57 
21G27 00 
21810 04 
22654 67 
22208 71 
32*2482 74 
22600 78 
2*2910 81 
23121 85 
23338 89 
23552 92 
23707 90 
23981 99 
24195 103 
24410 107 
324021 111 
24839 115 
25053 118 
25208 122 
25483 125 
25698 129 
25912 133 
*20127 136 
20342 140 
26557 143 
320772 117 
26987 151 
27203 154 
27418 168 
27033 161 
27849 105 
28064 109 
28279 172 
28195 176 
28710 179 
328920 183 
29142 186 
29358 190 
29573 193 
29789 197 
30005 201 
30221 204 
30437 208 
30653211 
1 3308G9214 


1.081998 GO 
81780 59 
81573 58 
81300 57 
81147 50 
80934 55 
80721 54 
80508 63 
80295 52 
80081 51 
79868 50 
I.G79G55 49 
79441 48 
79228 47 
790141 46 
78801 45 
78587 44 
78373 43 
78100 42 
77940 41 
77732 40 
14177518 39 
77361 38 
77090 37 
70870 30 
70GG2 35 
761-18 31 
70233 33 
70019 32 
75805 31 
75590 30 
1.075376 ~29~ 
75161 28 
74917 27 
74732 20 
74517 25 
74302 24 
74088 23 
73873 22 
73658 21 
73443 20 
1.673228 19 
73013 18 
72797 17 
72582 10 
72367 15 
72151 14 
71930 13 
71721 12 
71505 11 
71290 10 
1.671074 9 

70858 8 

70012 7 

70427 6 

70211 5 

09995 4 

09779 3 

09503 2 

09317 1 

1.609131 0 


Parts | Parts , Parts I Parts 

Suva*, for Versed. Siam, for Versed. Siam, for Versed. Siam, for Versed. 
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TABLE XXXVI. 

Natural Versed and Suversed Sine*. 



411° 

49° 


50e 



51 c 





Parts 



Parts 



Parts 



Parts 

Snz. ( 


V tried 

for 

n 

SUWTB. 1 

Veracd 

for 

// 

.Surer*. || 

! Versed 

tor 

tr 

Saner*, n 

Versed 

i tor 

tr 



0 

1330809 

0 1.009131 

343941; 

0 1*656059113572121 

0 1.13427 37t8i.so 

0 u) 

1 

31080 

4 

0891 1 

41100 

4 

558101 

>743. 

4 

42565 

709043 

4 

290941 

59 | 

2 

31302 

7 

08098i 

44380 

7 

55620 

57658 

8 

42312 

71132; 

8 

2KSTS 

58 

3 

3151s 

11 

| 68182 

41600 

11 

55100 

578811 

HI 

42119; 

41896 

713581 

715841 

11 

j 28tv|jf, 

I « 

4 

3173.'. 

14 

68205 

44820 

15 

551841 

58104 

15) 

1 15 

2S4I(r 

! ». 

5 

! 31951 

18 

68019 

45039 

19 

1 549611 

58327 

19 l 

41073 

71811 

19 281)’9J 
23 27983] 
26 27737 

1 55 

6 

I 32107 

22 

07833 

45259 

22 

54741 

58550 

22 

414.501 

72037 

■ 54 I 

7 

32381 

25 

076101 

45479 

24> 

. 545211 

58774 

26 

41224. 

72263 

1 53 

8 

32001 

29 

67309 

45609 

30 

54301 

58997 

30 

41003 
407so 

7249») 

3) 

27510 

i 52 

9 1 

32817 

32 

07183 

45919 

33] 

I 54081 

59220 

31 

72710 

31 

272 1 

I 51 1 

10 1 

33031 

36 

66966 

40139 

371 

53861 

59143 

37 

40557 

72913] 

38 

27057 


II 

333251 

391 

1*6667401 

316359 

11 1.053641 

359067 

411.(V10313I37 3170| 

42 

U326s3ti 

i 49 

12 

33-108 

43 

0653i| 

46579' 

44 

53421 

59890 

45 

40110, 

733961 

45, 

2660! 

1- 

13 

330SJ 

40 

60310! 

44 >800 

48 

53200 

60114 

49 

39880 

73623 

49 

2(377 

47 j 

It 

33901 

50 

60009 

47020 

52 

52980 

60337 

53 

39(363 

73850 

53 

26150 

4G 

15 

3-1118 

54 

05882 

47210J 

55 

52760! 

00561 

56 

59139 

74077 

57 


i 45 i 

Mi 

31335 

57 

65065 

47461 

59 

52539 

00785 

00 

39215 

743)3 

01 

25697 

44 

17 

34552 

01 

65448 

47681 

03 

52319 

01008 

oi! 

38992 

7453) 

64 

25470 

43 

18 

31770 

01 

65230 

479021 

(iO 

52098 

61232 

08 

38708 

74757| 

08 

25243 

42 

10 

31987 

(i8 

05013 

48122 

70 

51878 

01454. 

72] 

38544 

74984 

72 

25010 

41 

20 

35204 

72 

017961 

18343 

73 

516571 

61680 

75| 

38320 

75211| 

70 

247AI 

40 

21 

335421 

75 

1.061579 

348503 

77 

1.651437 

301904 

78 1.6:180* *i 375439! 

80 

1*624561 

39 

22 

35039 

79 

01361 

48781 

81 

51216 

02128 

82| 

37872 

75600 

84 

24334 

Ss 

23 

358561 

82 

6414-1 

49005 

85 

50995 

02352 

86] 

37648 

75893 

m 

21107 

i: 

21 

3^5074 j 

80 

03926 

49220 

89 

50774 

02570 

90 

37424 

70124) 

92 

23880 

» 

25 

30291 

90 

63709 

49117 

93 

50553 

62800 

941 

37200 

70348 

95 

23652 

35 

26 

3C509| 

93 

63491 

49068 

96 

50332 

03024, 

97, 

3697(3 

70575 

99 

*23425 

34 

27 

307271 

97 

63273 

49889 

100 

50111 

03249! 

10l| 

30751 

7*i8U3i 

103 

23197! 

33 

28 

30941 

101 

630561 

50110 

103 

49890 

03173 

105 [ 

30527 

77030] 

107 

22970, 

32 

211 

37102 

105 

028381 

50331 

107 

49669 

63697 

109 

36303 

7725s 

111 

22742 

31 

30 

373801 

109 

02020 

50552 

110 

49448 

03922 

112 

36078 

77485 

1 114 

22515 

3* 

31 

337598! 

111 

l-(»< >2102 

350773 

115 

1.649227 

134341441 

117 

1.635854 

377713] 

119 

1.G22287 

21* 

32 

37810| 

118 

02184 

50991 

118 

4904H> 

| (343711 

[ 121 

35629 

77941 

123 

22059 

i 2-v 

33 

380341 

121 

61906 

51214. 

122 

48781 

! 045951 

! 124 

35405 

78109 

127 

21S31 

27 

31 

382.>2l 

125 

01748 

51137 

120 

4854)3 

04820 

128 

35180 

78390 1 

131 

210O4i 

1 ^ 

35 

38470 

128 

01530] 

51659 

129 

48311 

05045 

131 

31955 

78024 

13-1 

21370 

25 

:u* 

38088 

132 

013121 

51880 

133 

48120 

05269 

134 

31731 

78852 

138 

21148 24 

37 

38900 

130 

01091 

52102 

137 

47898 

05194 

138 

34506 

79080 

142 

20920 

2j 

38 

39125 

139 

00875! 

52323 

141 

47677 

65719 

142 

31281 

793)8 

110 

20G92j 

2j 

39 

39313 

143 

00057 

52545 

144 

17455 

65914 

1443 

34056 

79536 

150 

2044.4 

21 

10 

39501 

140 

60439 

52707 

148 

47233 

66169 

150 

33831 

79705 

153 

20235 

2 

41 

339780 

150 

U 60220 

3529881 

152 

1 >047012 

3043394 

153 

1.63300(3 

379993 

157 

1-620007 

T* 

42 

.t*.)99s 

154 

00002 

53210 

155 

40790 

6434319 

157 

31381 

80221 

101 

19779 

18 

13 

40217 

157 

59783| 

53432 

159 

465438 

60844 

161 

33150 

80449 

105 

19551 

17 

14 

40135 

101 

59505 

53054 

103 

463143 

07009 

1(35 

32931 

80078 

169 

19322 

14 

15 

10054 

101 

59346 

53870 

167 

40124 

07295 

169 

32705 

80900 

172 

19094 

15 

46 

40673 

108 

59127 

54098 

171 

45902 

07520 

17* 

32480 

81135 

176 

18865 

u 

17 

41092 

172 

58908! 

54320 

174 

450843 

07745 

176 

32255 

81303 

iso 

18637 

13 

18 

41310 

175 

58090 

54542 

178 

45458 

07971 

180 

3202*4 

81592 

184 

18408 

12 

19 

41529 

179 

58471 

51704 

181 

4523431 

081943 

183 

31801 

81820 

188 

18180 

11 

50 

41718 

183 

5S252| 

54987 

185 

450131 

08422 

187 

31578 

82049 

191 

17951 

10 

51 

1341907 

187 

1.058033 

355209 

188 

1.644791 

308017 

191 

1.631353 

382278 

195 

1-617722 

9 

52 

42180 

190 

57814 

55431 

192 

44509 

68873 

195 

31127 

82500 

199 

174144 

8 

53 

42406 

194 

57594 

55054 

190 

443443 

69098 

199 

3)902 

82735 

203 

172G5 

7 

54 

42025 

197 

57375 

55870 

200 

441241 

09324 

202 

3)670 

82904 

200 

17036 

6 

55 

42844 

201 

57150 

50099 

204 

43901, 

09550 

20(3 

30450 

83193 

210 

IG807 

5 


43003 

204 

50937 

50321 

207 

434379 

(39774. 

210 

30224 

83422 

214 

1C578 

4 

57 

43283 

1 208 

50717 

50544 

211 

431543 

70002 

214 

29998 

83651 

218 

16349 

3 

58 

43502 

212 

50498 

507G7 

215 

432331 

70228 

218 

297721 

838801 

221 

16120 

2 

59 

43721 

215 

50279 

50990 218 

43010 

70451 

221 

29540 

1 8410*)! 

225 

15801 

I 

00 

343911 

I 2191.050059] 

357212 

| 222! 1 (>12788 

370080 

225 

1.629320 381339 

228 

1.615661 

0 
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TABLE XXXVI. 

Natural Versed and Suversed Sines. 


Versed for I Suvas. L Versed j to T I Suvas. Versed tor I Suvcrt. j Versed for I Suvaa. 


01.6I56G1 <06186 
4 15132 98417 
8 15203 98650 


0 1.601816 ,412215 0 1.587785 426124 0 1.573576 60 


4 01583 12450 


87550: 26662 
87315 26900 


73338 59 
73100 58 


61797 8 15203 98650 8 01350 12685 8 87315 26900 8 73100 58 

85026 12 14974 98882 12 01118 12921 12 87079 27139 12 72861 57 

85256 16 14744 99115 16 00885 1 13156 16 8684 ll 27377 16 72G23 56 

85485 19 14515 09547 19 00653 13392 20 86608 27616 20 72381 55 

85715 23 14285 99580 23 00420 13628 24 86372 27854 24 72146 54 

85944 27 14056399812 271.000188 13863 28 86137 28093 28 71907 53 

86174 31 138213 400045 311.599955 14099 32 859011 28331 32 71669 52 


86404 35 
86633 38 
3*0863 42 


135961 00278 35 99722 14335 36 85665 28570 36 71430 51 

13367 00511 39 99489 14571 39 854291 28809 40 711911 50 

1.613137 400744 431.599256 414806 43 1.585191 429048 44 1. 


86863 421.613137 400744 431.599266 >414806 431.585194 429048 44 1.570952 49 

87093 46 12907 00976 47 99024 15042 47 84958 29286 48 70714 48 

87323 50 12677 01209 50 98791 15278 51 84722 29525 52 70475 47 

87553 54 12147 01442 54 98558 15514 55 84486 29764 56 70236 46 

87783 57 122171 01675 58 98325 15750 59 84250 30003 60 69997 45 

88013 61 11987 01908 62 98092 15986 63 84014 30212 61 69758 44 

88243 65 11757102142 66 97858 16223 67 83777 30481 68 6951943 

88173 69 11527 02375 70 97625 16459 71 83541 30720 72 69280 12 

88703 73 11297 02608 74 97392 16695 75 83305 I 30960 76 69010 41 

881133 77 11067 02811 78 97159| 16931 79 83069 JU99 80 6880 1 40 

1380164 811*610836 403075 821.596925 417168 831.582832 431138 84 1.568562 39 

189394 85 10606 03308 86 966921 17461 87 82590 31677 88 68323 38 

89624 89 10376 03542 90 96458 17610 91 88360 31917 92 08083 37 

89855 92 10145 03775 94 96225 17877 95 821231 32156 96 67844 36 

90085 96 09915 01009 98 95991 18114 99 81886 32396 100 G7G01 35 


90316 100 09684 04212 102 957581 18350 103 81650 32635 104 67365 34 


90546 104 09454 04476 106 95521 18587 107 81413 32875 108 67125 33 

90777 108 09223 61710 110 95290 18824 111 81170 33114 112 66886 32 

01008 111 08992| 01943 114 95057 190G0 115 80940 33354 HO 66646 31 

91239 115 08761 05177 117 94823 19297 118 80703 33591 120 66400 30 

391469 1191.6085311405411 121 1.594589 419534 1221.580466 433834 124 1.566166 29 
917(H) 123 08300 0564.5 125 94355 10771 120 80220 31073 128 65927 28 

91931 127 08009 05879 129 91121 20008 130 79902 31313 132 65687 27 

92162 131 07838 06113 133 93887 20245 134 79755 31553 136 65417 26 

92393 135 07607 06317 137 93653 20482 138 79518 34793 140 65207 25 

92624 139 07376 06581 141 93419 20719 142 79281 35033 144 61907 2*1 

92855 143 07145 06815 145 93185 20956 146 79041 35273 148 64727 23 

93086 147 06914 07049 140 92951 21193 150 78807 35513 152 61487 22 

93318 151 06682 07284 153 92710 21430 154 78570 35753 156 61217 21 

93549 154 06451 07518 156 92482 21668 158 78332 35993 160 64007 20 

'393780 1581.606220 407752 160 1 592248 421905 102 1.578005 436234 161 1.563766 19 
94012 162 05988 07987 164 92013 22142 1GG 77858 36474 168 63526 18 

94243 166 05757 08221 168 91779 22380 170 77620 36714 172 632*0 17 


94243 166 05757 08221 168 
94474 170 05526 08456 172 


91544 22617 174 77383 3695.5 176 


94706 174 05294 08690 176 91310| 22855 178 7714.5 3719.5 180 02805 15 


94938 178 05002 08025 180 9107.5 23002 182 


37436 181 02564 14 


95109 182 04831 09100 184 90840 23330 180 70670 37676 188 62321 13 

95401 186 04599 09391 188 90000 23568 190 70132 37917 192 62083 12 

95633 190 04367 09629 192 90371 23805 191 76195 38157 190 61813 11 

95864 194 04136 09864 19.5 90130 24043 198 7.5957 3*39* 200 01002 10 

396096 197 1.603904 410099 1991-589901 424281 202 1.675719 43*630 204 1.50130! 0 

9632* 201 03672 10334 203 89GG0 24519 200 75481 38879 20* 61121 8 

96560 205 03*140 10569 207 89431 24757 210 75213 39120 212 60880 7 

96792] 209 03208 10804 211 80190 21995 214 7500.5 30361 216 00639 6 

97024 213 02976 11039 215 889(31 25233 218 74767 39002 220 6039* fi 

97250 217 02744 11274 219 88720 25471 222 74629 39813 221 601.57 4 


220 02512 11500 


88491 25709 220 74291 4008l! 22* 59910 2 


97720 224 02280 11741 227 86250 25917 2 ‘Mi 740.53 40325 232 69075 2i 

97953 228 02047 11979 231 8*021 26185 241 7381.5 40666 230 60131 I 

398185 2311.601815 412215 2311.587785 12(3121 237 1.573570 110*07 , 210 1.6.60103 C 


Suvert. tor Versed. , Suvat. tor Versed, i Suvat. tat Versed. I Suvas. ( tat Versed. 


\2TP 



TABLE XXXVI. 

Natural Versed and Su versed Sines. 


1 Part* Parti Part* 

I ‘ ' Venal. {or Suvrrt- Versed. for Suva*. Versed ' for Severs. Versed. 


for Suvrrt. 


4 58952 

8 68710 

12 58-109 

10 68228 
20 57987 

24 57745 

28 57504 

32 57202 

30 57021 

40 56779 

45 1.556537 1 
49 50290 1 

53 50054 I 

57 55812! 

61 55570 

65 553281 

09 55086 

73 54844 

77 646021 

81 54360)' 


12 43907 

16 43<>63 

20 43119 

21 43174 

28 42930 

32 42686 

37 42142 

11 42197 

45 1 541953 -J 
49 41708 

53 41461 

57 41219, 

61 40975 

05 407301 

09 10485, 1 

73 40210 1 

77 39996 

81 39751 

86 1.539506' 4 
90 39261 

94 39010 

98 38771 

102 38520 

100 38281 

110 38035 

114 37790 

118 37545 

122 37300 


126 1.551691 I 

130 51452 

131 51209 

138 50900 

142 60721 

140 50481 

150 59238 

154 49995 

158 49752 

102 49509 


0 1.529919 
4 29073 

8 20126 
12 29179' 

17 28932; 

21 28685' 

25 28438, 

29 281911 

33 27944 

37 27697 

41 27450 

45 1.5272031 
49 20956 

54 26709 

58 20401! 

02 26214' 

66 25967 

70 25719, 

74 25472 

78 25221 

82 24977 

87 1424729 - 
91 24481 

95 24231 

99 23986 

103 23738; 

107 234901 

111 232421 

115 22995 

119 22747 

124 22499 

128 1.522251 - 
132 22002 

136 21754 

141 21506 

145 21258' 

149 21010 

153 20701, 

158 205131 

102 20265, 

106 20010 


168 1.534598 4 
172 34352 

176 34107 

180 33861 

181 33015 

189 33369, 

193 33122 

197 32870 

201 32630 

205 32384 

209 1.532138 4 
213 31891, 

217 31645 

221 31399 

220 31152) 

230 30906 

234 30059. 

238 30113,! 

242 30160 

2401 529919 ; 


0 1.515038, 60 
4 14789) 59 


17 14040, 56 

21 13791 55 I 

25 13511' 54 

29 13292 53 

33 13042 52 I 

37 12792 51 

42 1 2543 50 

46 1.512293! 49 
50 12013 48 

54 117931 47 11 

58 11543 |6 

63 11293 45 

67 11043 44 

71 10793 43 

75 10543) 42 

79 10293 41 

S3 10043 41) 

I 87 1.509792 ~SD 
91 09512 38 

95 09292 37 

99 09041 36 

104 08791, 35 

108 08541 34 

112 062901 33 

117 OS040 32 

121 07789, 31 

126 07538* 30 

130 1.507288! 29 
134 07037 28 

138 06786 27 

142 06536 26 

146 06285 25 

151 06034 21 

155 05783 23 

159 05532 22 

163 052811 21 

168j 05030 ) 20 

172 1.504779 “HT 
176 0452S, 18 

180 04277 17 

181 04025 16 

188 0377 4 15 

193 035231 14 

197 03271 1 13 

201 03020 )2 

205 02769 H i 

210 02517 | JO f 

2141.5022661 9 
218 02014, 8 

222 01762 7 

220 01511 6 

230 01259 5 

235 01007 4 

239 00756 3 

243 00504 2 

247 00252 1 

251 1.500000 0 


Parts I Parts j Parts | Part* 

.. Suva-t. for Versed. I Suva*. for Versed. Suva*. I for Versed. Strtrrs. for Versed. 9 

" | " I " | " f \ O 







TABLE XXXVI. 

Natural Versed and Suversed Sines. 


Parts 

to* Sinxrs. Versed 


0 500000 

1 00252 

2 00504 

3 00750 

4 01008 

5 01200 

6 01512 

7 01701 

8 02017 

9 02209 

10 02521 

11 502774 

12 03020 

13 03278 

14 03531 

15 03783 

10 04030 

17 01289 

18 04541 

19 04794 

20 05047 

21 505299 

22 05552 

23 05805 

24 06058 

25 00311 

26 06564 

27 06817 

28 07070 

29 07323 

30 07576 

31 507830 

32 08083 

33 08336 

34 08589 

35 08843 

36 09096 

37 09350 

38 09603 

39 09857 

40 10110 

41 510361 

42 10617 

43 10871 

44 11125 

45 11379 

46 11633 

47 11886 

48 12140 

49 12394 

50 1264 8 

51 512902 

52 13150 

53 13410 

54 13665 

55 13919 

56 14173 

57 14-127 

58 14682 

59 14936 

60 515190 


rats Parts , Parts 

for Suva*. Versed. for Suvers. Versed for Sutters. 


0 1.500000 i 
4 1499748 
8 99496 

12 99244 

17 98992 

21 98740 

25 98488 

30 98236 

34 97983 

38 97731 

42 97479 

461497226 i 
30 96974 

54 96722 

58 96469 

63 96217 

67 95961 

71 95711 

75 95459 

79 95200 

84 91953 

881494701 l 
92 94448 

96 94195 

100 93942 
105 93689 

109 93430 

113 93183 

117 92930 

121 92677 
120 92424 
131 1492170 l 
135 91917 

140 91064 

144 91411 

148 91157 

152 90961 

156 90650 

161 90397 
165 90143 

169 80890 


173 1489636 
178 89383 
182 89129 


195 88867 

199 88114 

203 87860 

207 87606 

212 87352 

2161487098 l 
220 84J844 

224 86590 

229 86335 

233 86081 

237 85827 

241 85573 

245 85318 

249 85064 

254 1461810 


0 1484810 i 
4 81555 

8 84301 

13 84616 

17 83792 

21 83537 

25 83282 

30 83028 

34 82773 

38 82518 

43 822 63 

47 1.482009 i 
51 81754 

55 81499 

59 81244 

63 80989 

67 80734 

72 80479 

76 80224 

80 79968 

85 79713 

89 1476158 
93 79203 

97 78947 

101 78692 

106 78436 

110 78181 

115 77926 

119 77670 

123 77414 

128 77159 

132 1476903 ' 
136 76647 

141 76392 

145 76136 

149 75880 

154 75624 

158 75368 

162 75112 

166 74856 

171 74600 

175 1474314 i 
179 74088 

183 73832 

187 7357Gi 

192 73320 

196 73063 

200 72807 

204 725511 

208 72294 

213 72038 

217 14717821 1 
221 71525 

225 71269 

230 710121 

234 707551 

238 70490 

242 70242 

217 69985 

251 69728 

256 1 469472, i 


4 69215 
8 68958 
13 68701 
17 68444 
21 68187 
26 67930 

30 67073 

31 67416 
38 07158 
43 60001 


220 1456322 J 
224 50003 

228 55804, 

233 55545 

237 55280! 

241 55027 

246 54768 

250 54509 

254 54250 

258 1 453991 


63° 

Parts 

— 

for 


// 

Suvers. j 

0 14539911 

4 

53731 

9 

53472 

13 

53213 

17 

52954 

22 

52694 

20 

5243) 

30 

52175 

35 

51916 

39 

51656 

43 

51397 

481451137 

52 

50K7S 

50 

50618 

61 

50358 

65 

50098 

69 

49839 

74 

49579 

78 

49319 

82 

49059 

87 

48799 

91 1448539 

95 

18279 

100 

48019 

104 

47759 

108 

47499 

113 

47239 

117 

46979 

121 

46718 

126 

46458 

130 

46198 

131144593SI 

139 

45677 

143 

45417 

147 

45156 

152 

44896 

156 

44635 

100 

44375 

105 

44114 

169 

43853 

174 

43593 

1781.443332 

182 

43071 

187 

42810 

191 

42550 

195 

42289 

199 

42028 

204 

41767 

208 

41506 

212 

41245 

217 

40984 

221 1.440723 

226 

40462 

230 

40200 

231 

39939 

239 

39G78 

243 

39117 

247 

39155 

251 

38891 

256 

3S633 

260| 143837l| 

Parts 


for 

Versed 

n 








TABLE XXXVI. 

Natural Versed and Suversed Sines 

| fxP i 60 ° 


1’arti Parts 

' Versed- for Suvrri I VeTse<l. for | 

501029 UI.I3KI71 <> 

61890 4 38110 77645] 4; 

02152 0 3784s 779091 9 

! G2413 13| 37587 78173] 13 1 

62675 17 37325 78437 18 

62937 22 37lMi3 7^7rn» 22 

63198 26 36802 78964] 2G| 

63400 31 365-10 79228, 311 

63722 35 3027hi 79492 35 

03i»H3 39 36017 797' 10 

64245, 44 357 55 80020 141 

5645071 48 l -425193' 5802811 48 
64769 52 35231 805 Is 53 

i 65031 57 31909 80812 1 57 

65293 61 34707 81076] 62 

I 65555 66 34 415 81310 06 

1 65817 j 70 31183 81601 711 

60079 74 1 33921 li 818(391 75 

»*>3II - -.9j 82132 79 

06003 83 33397 823971 84 

| 668051 87] 33135 826611 8s 

5(37127! 92! 1-432873 582926 92 
(i7:v.m 1 **i 32(310 83190) 97 

67(3.52 100 32348 83455 101 

| 07914| 105 3208(3 83719| 106 

I 08177] 109 S18M 83984 110 

(38430 113 31561 842481 114 

I 68701 118 31299j 84513 119 

I 68964 122 31036 84777 123 

00226 126 30771' 85012 128 

09»s9 J3li 30511 85307 132 

609751 1361.430249 586571 1S7 

70014 140 29986' 8583(3 141 

70277 145! 297231 86101 146 

70539 149 29461, 86366 150 


1 

Parts 

1 

P 

Xuvrrt. Versed. 

for 

n 

Smvert. ^ 

1 Versed. 

1-422618 593263 

0 

1-40G737 

609209 

22355 | 93529 

4 

06471 

] 09537 

22091 93795 

9 

06205 

09801 

21827 91061 

13 

05939 

I 10072 

21563 ' 94327 

18 

05673 

| 10340 

21300 94592 

22 

05408 

10608 

21036 94858 

27 

05142 

10876 

20772 95124 

31 

04876 

11144 

20508 95390 

36 

04610 

11412 

20244 95656 

40 

04334 

1 l<>-4» 

19960 95922 

44 

04078 

11948 


48 1.419716 59(3189 
.53! 19452 96455 

57l 19188, 9(3721 

62 18924 901*87 

6 *. 18660 97253 

711 18396 97520 

7-5| 18131 97780 

79 17867 98052 

81 17603 98319 

8s 17339 98585 

92 1 417074 598851 
97 16810 ! 99118 

01 16545 99384 

06 1(3281 99651 

10 16016 99917 

14 15752 (300184 

19 15487 00451 

23 15223 00717 

28 14958 , 00984 

32 14693 , 01251 

37 1414429 601518 
41 14164 J 01784 

46 13899] 020.51 

50 13631 02318 

51 133(39 02585 

59 13104 02852 

63 12810 03119 

68 1 2575 03386 

72 12310 034553 

77 12045 03920 

81 1411780 604187 
85 11514 04454 

89 11249; 04722 

94 10981 04989 

99 10719; 05256 

03 10454 05523 

07 10188 05791 

!I2 09923 0(3058 

116 09658 1 06325 

!21 09392 

!'J‘> 1 • nr.ii 

!30 088(32 07128 

►34 08596 i 07395 

►39 08331 07(3(33 

►43 08065 079*30 

►47 07799 08198 

>52 07531 084(3(3 

►5(3 07268, 08733 

►60 07002 09001 

86511406737 (*i092(39l 


57! 19188, 

(32 18924 

66 18660 
711 18396 

7.51 18131 

79 17867 


153 29198 

158[ 289351 

162 28(372 

167 28410! 

171 28147, 

175 27881 

180 1-427621 1 ‘ 
184 27358, 

189 27095, 

193 268321 

197 26569 

202 26306] 

20(3 26043] 

210 25779 

215 25516 

219 25253 

224 1424990 . 
228 24726 

232 24463 

237 24191) 

241 23936 

245 23673 

250 23409! 

254 231461 

259 22682 1 

2(33! I-422(318 


92 1417071 . 

97 168101 

101 16545 i 

106 1(3281 

110 10016! 
114 15752 ( 

119 154871 

123 15223 

128 14958 

132 14(393 

137 1414429 i 
141 14164 ; 

146 13899! 

150 13631 

154 13309 

159 13104 

163 12810 

168 12575! 

172 12310 

177 12045 

181 1411780 i 
185 11514] 

189 11249! 

194 10984 

199 10719! 

•203 10454 

207 101 881 

212 09923 

216 0965s 1 

221 09392 

225 1409127 
230 08862 1 

234 08596] 

239 08331 


243 08065 

247 07799 

252 07531 

25(3 07268 

260 07002 

265 1406737 


491403811 
53j 03545 

68 03279 

62 03013 

66 02747 

71 02480 

76 02214 

80 01948 

85 01681 

89 01415 

941401149 
98 00882 

103 00616! 

107 00349 

1121400083 
116 1.399816 
121 99549 

125 99283 

129 99016 

i:43 98749 

138 1.398182 
142 98216 

147 97949 

151 97682 

156 97415 

160 97148 

165 96881 

1(39 96614. 

174 96347 

178 96080. 

1821-395813 
187 95546 

191 95278 

196 95011 

200 94744! 

205 94477 

209 94209 

214 939421 

218 93675 

223 93407 

227 1-3W3I : 
231 92872 

23(3 92605 

240 92337 

245 92070] 

249 91892 

254 91534 

258 91267 

2(33 90999 

267 1-390731 


612216 
12484 
12753 
13021 
13289 
13557 
13826 
14094 
14362 
14631 
614899 
15168 
15436 
15705 
15973 
1(3242 
16510 
16779 
17048 
17317 
617585 
17854 
18123 
1831*2 
18661 
181*30 
19199 
19468 
! 19737 
20006 
(320275 
20544 
20813 
21082 
21351 
21G21 
21890 
22159 
| ‘22429 
22098 

23237 

23i*06 

23776 

2404., 

24315 

24584 

24854 

25124 

625393 


0 1.390731] W) 

4 90463 59 1 

9 90193 5s 

13 8992s 5 7 

18 89660 56 

22 89392 55 

27, 80124 54 

31 88*561 53 

36 88588 52 I 

H8320 51 
45 88052 56 

491.387784 4& 
54 87516 4-S 

58 87247 47 

63 80979 46 

67 8G71l! 45 

72 86443] 44 

76 86174 1 43 

81 85906 42 , 

85 85638 41 

89 85369 4C 

93 1.885101 * 
98 84 S32 3» 

1(I2» 845611 37 

107 84295 36 I 

111 84027 35 

116 83758 U 

121 83490 S3 

125 83221 32 I 

130 8295 2 31 

134 82683; 36 

131* 1.382415 29 
143 82146 28 

148 81877 27 

152 81(508 26 

157 81339 25 | 

161 81070 24 1 

166 80801 23 

170 80532 22 , 

175 80263 21 

179 79994 I 

184 1.379725! 19 
188, 79456 18 | 

193 791S7 1 17 | 

197 78018 16 

202 78649 15 

206 1 78379- 14 j 

211 78110 IS 

215 77841 12 

220 77571 11 

224 77302 10 

229 1.377033! 9 
233 76763 8 j 

238 76491 7 I 

242 76224 6 ! 

247 75955] 5 

251 75685 4 

256 75416 3 | 

260 751461 2 

265 74876 1 j 

269 1.3746071 0 


[Parts I, Parts Parts Parts 

( Suitrt. I tpr Versed. |i Suvert. I for ) Versed. Simrs.1 for | Versed. ] Stivers, for Versed. 


TABLE XXXVI. 

Natural Versed and Suversed Sines. 


Parts Parts Farts 

Versed for Stivers. Verted for Havers. Versed for Stivers. Versed 
ft \ n 


0 1.342020 < 
5 41747 

9 41473 

14 11200 

18 40927 

23 40053 

27 403,SO 

32 40100 

30 39833 

41 39559) 

40 39285 


0 1.325508 
5 25293 

9 25018 

14 24743 

18 24408 

23 24193 

27 23917 

32 23042 

37 23:107 

41 23092 

40 22810 

51 1.322541 
55 22260 

00 21990 

04 21715 

09 21440 

74 21 lOl 

78 20889 

83 20013 

87 20337 

_92 20002 

90 1.319780 
101 19511 

100 19235 

110 18959 

115 18081 

119 1 8408 
124 18132 

128 17850 

133 17581 


0 026393 01.374007 811032 0 1.358308 057980 01-342020 074432 063255* 

1 25603 5 74337 41904 5 58090 58253 5 41747 74707 5 252S 

2 25933 9 74007 42175 9 57825 58527 9 41473 74(182 9 2501 

3 20203 14 73797 42447 14 57553 ! 58800 14 41200 75257 14 2474 

4 20472 18 73528 42719 18 57281 59073 18 40927 75532 18 2440 

6 20*42 23 73258 42990 23 57010 59347 23 40653 75807 23 2419 

6 27012 27 72988 43202 2 7 56738 59020 27 40380 76083 27 2391 

7 27282 32 72718 43534 32 56466 59894 32 401 (Hi 76358 32 2304 

8 27552 30 72448 43806 30 50194 60107 30 39833 70033 37 23:40 

9 27822 41 72178 44077 41 55923 00441 41 39559) 70908 41 2309 

10 28092 45 T1908 44349 40 5 5051 0071 5 40 39285 77181 40 2281 

11 (228302 501.371038 044021 501.355379 000988 50 1-339012 077459 51 1.32254 

12 28032 54 7130k 44893 54 55107 61262 55 38738 77731 55 2220 

13 28902 59 71098 45105 59 5483.) 01530 59 38401 78010 00 2199 

14 29172 63 70828 45437 03 015031 01809 04 38191 78285 04 2171 

15 2^443 08 70557 45709 08 54291 62083 68 37917 78500 09 2144 

16 29713 72 70287 45981 73 54019 02357 73 37013 78836 74 2110 

17 29983 77 70017 40253 77 53747 02031 78 37309 79111 78 2088 

18 30253 81 09747 46525 82 5:4475 . 02905 82 37095 79387 83 2001 

19 30523 80 09177 40797 87 53203 03179 87 36821 79663 87 2033 

2° jp794 90 09 200 47069 91 52931 63452 91 30548 79938 92 2006 

21 031004 951.368936 047342 901.352058 003720 961.330274 080214 961.31978 

22 31335 100 68005 47014 100 52380 04000 100 30000 80489 101 1951 

23 31005 104 08395 47886 105 52114! 04274 105 35726 80705 100 1923 

24 31875 108 68125 48158 109 51842 <>4548 109 35452 81041 110 1895 

25 321444 113 07854 48431 114 51569 64822 114 35178 81316 115 1808 

20 32410 117 07584 48703 118 51297 65097 118 31903 81592 119 1840 

27 32087 122 67313 48975 123 51025 65371 123 34029, 81868 124 1813 

28 32957 126 67043 49248 127 50752 65045 127 34355 82144 128 1785 

29 33228 131 60772 49520 132 50480 65919 132 34081 82419 133 1758 

JO 33499 135 66 501 49793 130 50207 00193 137 33807 82095 138 1730 

31 033709 1401.96(031 650065 141 1.919935 000407 1421.333533 082971 143 6S1702 

32 34040 144 65900 5033S 145 49G62 00742 146 33258 83247 147 1075 

33 34311 149 65089 50010 150 49390 07010 151 32984 83523 152 1047 

34 34582 153 05118 50883 155 49117 072(H) 155 32710) 83799 157 1020 

35 34852 158 05148 51155 159 48845 07501 1(30 32130) 84075 101 1592 

36 35123 102 01877 51428 104 48572 07839 1(35 32101 84351 166 1564! 

37 35391 107 61000 51701 168 48299 68113 109 31887 84027 171 15371 

38 35065 171 64335 51973 173 48027 08388 173 31012 81903 175 1509 

39 95996 170 61061 52240 177 47751 08002 178 31338 85179 180 1482 

40 30207 180 6379 3 52519 182 47481 6S937 183 31003 85455 1 84 1454< 

41 036478 1851.303522 652791 1801.317209 609211 1871.230789 685731 189 6314261 

12 30749 189 03251 5:4001 191 40930 09480 192 30514 86007 193 1309! 

| 43 37020 194 62980 ! 53337 195 40G03 097(30 197 30240 80281 198 137K 

I 44 37291 198 02709 53610 200 40390 70035 201 29905 80500 202 13441 

j 45 37502 203 02438 5:4883 205 40117 70309 200 29091 80830 207 1310 

46 37833 207 02107 5415(3 209 45844 70581 210 29410 87112) 212 1288) 

47 38104 212 6189(3 54429 214 45571 70859 215 29141 87389 210 12611 

48 38375 216 01025 54702 218 45298 71133 220 28807 87065 221 1233; 

49 38047 221 01353 54975 223 45026 71408 221 28592 87941 225 12051 

50 38918 220 01082 55248 228 44752 71083 229 28317 88218 230 1178i 

51 639189 230 1.300811 055521 2321.314479 67195s| 234 632*442 088494 ~235 63lT50( 

52 39160 235 60540 55794 237 44200 72232 238 27708 88771 239 11221 

53 39732 239 60208 56067 241 43933 72507 243 27493 89047 244 10952 

54 40003 244 59997 50340 240 43000 72782 247 27218 89324 218 1007< 

55 40275 218 59725 50013 250 1 43387 73057 252 20943 89000 253 104(H 

50 40510 253 59154 50887 2 5 43113 73332 250 20008 89877 258 10122 

57 40817 257 59183 571(H) 259 42840 73007 261 26393 90153, 262 09847 

58 41089 202 58911 57433 204 42507 73882 205 20118 90430 207 0957C 

59 41360 200 58640 57700 268 42294 74157 270 25813 90700 271 09294 

611632 271 635830 8 057980 J73 6312020 674432 274 63255 08 690983 270 6309017 

Parts Parts Parts Part* 

„ Stivers, for Versed. Stivers, for Versed. Stivers, for Versed. Stivers, for Versed. 


t 0 6358308 
1 5 58090 

> 9 57825 

f 14 57553 

) 18 57281 

) 23 67010 

1 2 7 50738 

I 32 56466 

> 30 50191 

r 41 55923 

) 40 55051 

i 50 6355379 
i 54 55107 

. 59 5483;*). 

03 5-15031 

> 08 54291 

73 54019 

l 77 53747 

> 82 53475 

87 53203 

) 91 52931 

! 96 6352658 < 

1 100 52380 

* 105 52114 

i 109 51842 

114 51509 

1 118 51297 

123 51025 

l 127 50752 

i 132 50480 

136 50207 

Til 6349935 < 
145 49002 

150 49390 

155 49117 

159 48845 

104 48572 

108 48299 

173 48027 

177 47751 

182 47481 

186 6317209 < 
191 40930 

195 40003 

200 40390 

205 40117 

209 45844 

214 45571 

218 45298 

223 45025 

228 44752 


142 6333533 
140 332581 

151 32984 

155 32710 

100 32130j 

105 32101 

109 31887 

173 31012 

178 31338 

183 31003 

187 61630789 < 
192 30514 

197 30240 

201 29905 

2(H> 29091 

210 29410 

215 29141 

220 28807 

221 2S592 

229 28317 


111 ° 


110° 


108° 







250 TABLE XXXVI. 


Natural Versed and Suversed Sines. 


9 

ft 

Vcn. 

“o' 

1 

2 

3 

4 

5 

6 

7 

8 
0 

10 

11 

12 

IS 

14 

15 
10 

17 

18 

19 

20 

72° 

73° 

74° 

75° 

0 

Sum. 

Vened 

Parts 

for 

it 

Sauers. 

Versed 

Parts 

for 

N 

Stivers* 

Versed 

724363 
24642 
24922 
! 25202 
25-181 
25761 
26041 
26321 
26600 
26880 
27160 
727440 
27720 
28000 
28280 
28560 
28839 
29119 
29100 
29li80 
29960 

Parts 

for 

" 

Sutlers. 

Vened 

Parts 

foe 

tt 

w- 

690983 

91260 

91536 

91813 

92090 

92367 

92613 

92920 

93197 

93474 

93751 

094028 

9130.) 

91582 

94859 

95130 

95413 

95690 

95967 

90211 

96521 

0 

5 

9 

14 

18 

23 

28 

32 

37 

42 

46 

1.309017 
08740 
08461 
08187 
07910 
07633 
07357 
07080 
06803 
06526 
06219 
H305972 
05095 
05418 
05111 
94864 
94587 
91310 
04033 
03756 
03479 

707628 
07906 
08185 
OH 163 
08741 
09019 
0921)8 
09576 
0985-1 
10133 
10411 

0 

5 

9 

14 

19 

23 

28 

32 

37 

42 

46 

1.292372 

92094 

91815 

91537 

91259 

90981 

90702 

90421 

90146 

89867 

89589 

0 

5 

9 

14 

19 

23 

28 

33 

37 

42 

47 

Illllllllli 

741181 

41462 

41743 

42024 

42305 

42586 

42867 

43148 

43429 

43711 

43992 

0 

5 

9 

14 

19 

23 

28 

33 

37 

42 

47 

52 

56 

61 

66 

70 

75 

80 

84 

69 

94 

1.258819 

58538 

58257 

57976 

57695 

57414 

57133 

56852 

56571 

56289 

56008 

1.255727 

55446 

55165 

54883 

54602 

54321 

54039 

53758 

53477 

53196 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

51 

55 

60 

65 

69 

74 

78 

83 

88 

92 

710090 

10968 

11247 

11525 

11801 

12082 

12361 

12639 

12918 

13197 

51 

56 

60 

65 

70 

74 

79 

84 

88 

93 

1.289310 
89032 
88753 

mm 

88196 

87918 

87630 

87361 

87082 

86803 

6 i 

66 

61 

65 

70 

75 

79 

84 

89 

93 

1272560 

72280 

72000 

71720 

71440 

71161 

70881 

70600 

70320 

70040 

744273 

44554 

44835 

45117 

45398 

45679 

45961 

46242 

46523 

46805 

21 

696798 

97 

1.303202 

713-175 

98 

1.286525 

730240 

98 

1.269760 

747086 

98 

1.252914 

39 

22 

97076 

102 

02924 

1375-1 

102 

86246 

30520 

103 

69480 

47368 

103 

52632 

38 

23 

97353 

106 

02617 

11033 

107 

85967 

30800 

107 

09200 

47649 

108 

52351 

37 

24 

97630 

111 

02370 

14312 

112 

85688 

31080 

112 

68920 

47931 

113 

52009 

36 

25 

97907 

116 

02093 

14590 

116 

85410 

31360 

117 

68610 

48212 

117 

51788 

35 

2G 

981&) 

120 

01815 

14869 

121 

85131 

31641 

121 

68359 

48494 

122 

51506 

34 

27 

98402 

125 

01538 

15148 

126 

84852 

31921 

126 

68079 

48775 

127 

51225 

33 

28 

98739 

130 

01261 

15427 

130 

84573 

32201 

131 

67799 

49057 

131 

50943 

32 

29 

99017 

151 

009H3 

15706 

135 

84294 

32481 

135 

67519 

49338 

136 

50662 

31 

30 

99291 

139 

00706 

15985 

139 

84015 

32762 

140 

67238 

49020 

141 

50380 

30 

31 

000672 

143 

1.300428 

716261 

144 1*283736; 

733042 

145 

1.266958 

749902 

146 

1. ‘250098 

29 

32 

699849 

148 

1.300151 

16542 

149) 

83458 1 

33322 

150 

66678 

50183 

150 

49817 

24 

33 

700127 

153 

1.299873 

16821 

154 

83I79 1 

33603 

154 

66397 

50465 

155 

49535 

27 

34 

00191 

157 

99596 

17100 

158 

82900 

33883 

159 

G6117 

50747 

160 

49253 

26 

35 

00682 

162 

99318 

17379 

163 

82621 

34163 

164 

65837 

51028 

165 

48972 

25 

36 

00959 

167 

99041 

17658 

168 

82342 

34444 

169 

65556 

51310 

169 

48690 

24 

37 

01237 

171 

98763 

17938 

172 

82062 

34724 

173 

6527G 

51592 

174 

48408 

23 

38 

01514 

176 

98486 

18217 

177 

81783 

35005 

178 

64995 

51874 

179 

48126 

22 

39 

01792 

181 

9*208 

18496 

182 

81504 

35285 

183 

64715 

52155 

183 

47845 

21 

40 

02070 

185 

97930 

18775 

186 

81225| 

35566 

187! 

64434 

52437 

188 

47563 

20 

41 

702347 

190 

1.297653 

719054 

191 

1.280946| 

735816 

> 1921 

1264154 

752719 

193 

1247281 

19 

42 

02625 

195 

97375 

19333 

196 

80667 

36127 

197 

63873 

53001 

198 

46999 

18 

43 

02903 

199 

97097 

19612 

200 

80388 

36407 

201 

G3593 

53283 

202 

46717 

17 

41 

03181 

204 

96819 

19892 

205 

80108 

36688 

206 

63312 

53565 

207 

40435 

16 

45 

03458 

208 

96542 

20171 

210 

79829! 

86909 

211 

63031 

53847 

212 

46153 

15 

46 

03736 

213 

96261 

20450 

214 

79550 

37249 

215 

627.51 

54129 

216 

45871 

14 

47 

01014 

218 

95986 

20730 

219 

79270 

37530 

220 

62470 

54411 

221 

455S9 

13 

48 

04292 

222 

9.5708 

21009 

224 

78991 

37811 

225 

62189 

54693 

*225 

45307 

12 

49 

01570 

227 

95430 

21288 

228 

78712! 

38091 

230 

61909 

54975 

230 

45025 

11 

50 

04848 

231 

95152 

21568 

233 

78132! 

38372 

234 

61628 

55857 

235 

44743 

10 

51 

705126 

236 

1*294874 

721847 

238 

1.278153 

738653 

239 

1.261347 

755539 

240 

1.244461 

9 

52 

05104 

241 

94596 

22126 

242 

77874 

38931 

244 

61066 

55821 

, 245 

44179 

8 

53 

05682 

245 

91318 

22406 

247 

77594 

39215 

248 

60785 

56103 

249 

43897 

7 

54 

05960 

250 

91040 

22685 

252 

77315 

39495 

253 

60505 

56385 

254 

43615 

6 

55 

06238 

254 

93762 

22965 

2.56 

77035 

39776 

258 

60224 

50667 

259 

43333 

! 5 

56 

06516 

259 

93184 

23244 

261 

76756 

40057 

262 

59943) 

56919 

263 

43051 

4 

57 

06791 

264 

93206 

2352-1 

266 

76476 

40338 

267 

59662. 

57231 

268 

42709 

3 

58 

07072 

268 

92928 

23803 

270 

76197 

40619 

272 

59381 

57514 

273 

42486 

2 

59 

07350 

273 

92650 

24083 

275 

75917 

40900 

2761 

59100! 

57796 

277 

42204 

1 

60 

707628 

277 

1.292372 

724363 

279 

1.275637 

741181 

28lil.2588l9| 

758078 

282 

1.241922 

0 



Parts 



Parts 



Parts 



Parts 




Sutters. 

for 

Vened. 

Slivers. 

for 

Vented. 

Suvers. 

for 

Versed. 

Suvert. 

for 

| Vened. 

* 

tt 


n 



n 



•i 



ft 


tt 

Yen. 













Sum 



107° 


lOfP 


105° 


104° 





10 a. 



TABLE XXXVI. 

Natural Versed and Suversed Sines. 


Parts Parts Parti i Parts 

Vers. Versed for Simkt*. Versed for Stivers. Vened for Stivers. Versed for Stivers. Suv ' 


0 758078 

1 58360 

2 58643 

3 58925 

4 59207 

5 59490 

6 59772 

7 60054 

8 60337 

9 60619 

0 60902 

11 761184 ' 

12 61466 

13 61749 

14 62032 

15 62314 

16 62597 

17 62879 

18 63162 

19 63444 

20 63727 

21 761010 ~ 

22 61292 

23 64575 

24 64858 

25 65141 

26 65423 

27 65706 

28 65989 

29 66272 

30 66555 

31 766837 

32 67120 

33 67403 

34 67686 

35 67969 

36 68252 

37 68535 

38 68818 

39 69101 

40 69384 

41 769667' 

42 69950 

43 70233 

44 70516 

45 70800 

46 71083 

47 71306 

48 71649 

49 71932 

50 72216 

51 772499 

52 72782 

53 73065 

51 73319 

55 73632 

56 73915 

57 74199 

58 74482 

59 74765 

60 775049 


0 1.241922 7 
5 41640 

9 41357 

14 41075 

19 40793 

24 40510 

28 40228 

33 39946 

38 39663 

43 39381 

47 39098 

52 1.238816 7 
57 38534 

61 38251 

60 37968 

71 37686 

75 37403 

80 37121 

85 36838 

90 36550 

94 36273 

99 1.235990 7 
194 35708 

109 35425 

113 351421 

118 34859 

123 34577 

127 31294 

132 34011 

137 33728 

141 33445 

1461.233163 7 
151 32880 

156 32597 

161 32314 

165 32031 

170 31748 

175 31465 

179 31182 

181 30899 

189 30616 

194 1.230333 i 
198 30050 

203 29767 

208 29484 

213 29200 

217 28917 

222 28634 

227 28351 

232 28068 

236 27784 

241 1 227501 ; 
246 27218 

250 20935 

255 26651 

260 26368 

265 26085 

269 25801 

274 25518 

279 25235 

2831.224951 


0 1.224951 
5 2406*“ 

9 24384 

14 24101 

19 23817 

24 23534 

28 23250 

33 22967 

38 226831 

43 22399| 

47 221161 


52 1.221832 7 
57 21549 

62 21265 

66 20981 

71 20697 

76 20414 

81 20130 

85 19846 

90 195621 

95. 19279 
100 1.218995 7 
104 18711 

109 18427 

114 18143 

119 17859 

123 17575 

128 17292 7 

133 17008 t 

138 16724 

142 16440 

147 1.216156 t 
152 15872 

157 15588 

161 15304 

160 15019 

171 14735 

176 14451 

180 14167 

185 13883 

190 13599 

195 1.213315 f 
199 13030 

204 12746 

209 12462 


223 11609 

228 11325 

232 11040 

237 10756 

2421.2104724 
247 10187| 

251 09903 > 

256 09619! 

261 09334 

266 09050 

270 08765, 

275 08481 

280 06196| 
284 1.207912 > 


0 1.207912 e 
5 07627i 

9 07343 

14 07058 

19 06773! 

24 06189 

28 06204 

33 0.5920 

38 05635 

43 05350 

47 05066 

52 1-201781 t 
57 04496 

62 01211 
66 03927 

71 03642: 

76 03357 

81 03072 

85 02787 

90 02502 

95 02218 , 

100 1.201933 t 

104 01648 

109 01363; 

114 01078 

119 00793 

123 00508 

128 1.200223 
1331.199938 
1381 99653 

1431 99368 

1471.199083 } 
152 98798 

157 98513 

162 98228 

166 97943 

171 97657 

176 97372 

181 97087 

185 96802 

190 96517 


Parts 

for Versed Sutters. 


Parts Parts! 

for Vened Suvert. I for 


[.193378! 823774 
93093 24060 
92807 24347 
92522 24633 
92237! 24920 
91951 25206 
91666 25492 
91380 25779 
9109.5 20000 
1.190809 ' '820352 

Vened I Sutters. 


0 1.190809 60 
6 90623 59 

10 90238 58 

14 89952 57 

19 89667 56 

24 89381 55 

29 89095 54 

33 88810 53 

38 88521 52 

43 88239 51 

48 87953 50 

521.187667 49 
57 87381 48 

62 87096 47 

67 86810 46 

71 86524 45 

76 86238 44 

81 85952 43 

86 85667 42 

91 85381 41 

95 85095 40_ 

1001.184809 39 
105 84523 38 

110 84237 37 

115 83951 36 

119 83665 35 

124 83380 34 

129 88094 33 

134 82808 32 

138 82522 31 

143 82236 30 

1481.181950 29 
153 81664 28 

157 81377 27 

162 81091 26 

167 80805 25 

172 80519 21 

176 80233 23 

181 79947 22 

186 79661 21 

191 79375 20^ 

1951.179088 19 
200 78802 18 

205 78516 17 

210 78230 16 

214 77941 15 

219 77657 14 

224 77371 13 

229 77085 12 

234 76798 11 

238 76512 10 

2131.176226 0 

248 75940 8 

253 75653 7 

257 75807 6 

262 75080 5 

267 71791 4 

272 74506 3 

276 71221 2 

281 78985 I 

286 1.173618 0 


Parts 

for Vened 


103° 


102 ° 


101 ° 






252 


TABLE XXXVI. 

Natural Versed and Suversed Sines. 


for I Suvcrt. Vcned. for Suvcrt. Versed.! 


5 73362 

10 73075 

14 72780 

10 72502 

24 72216 

29 71929 

33 71643 

38 71356 

43 71069 

48 70783 

52 M70496 I 
57 70210 

62 69923 

67 69636 

72 69350 

76 690<>3 

81 68776 

86 68489 

91 6S203 

96 67916 


0 1.156435 l 
5 56147 

10 5584 M) 

14 55573; 

19 55285 

2-1 54998 

29 54710 

33 54423 

38 54136 

43 53818 

48 53561 

53 1.153273 r ! 
57 52986! 

62 526118 

67 52411 

72 52123 

77 51*36 

81 51548 

86 51261 

91 50973 

90 50686 

101 1.150398 I 
106 50111 

111 49823 

116 49535 

120 49248 

125 48960 

130 48672 

125 48385 

140 48097 

144 47809 


0 1.139173 
5 38885 

10 38597 

14 2S309 

19 38021 

21 37733 

29 37145 

34 37156 

38 36868 

43 36580 

_48| 36292 

53 1.136004 
58 35716 

62 35427 

67 35139 

72 34851 

77 34563 

82 34274 

86 33*186 

91 33098 

96 33410 


Parts 
Vened. for 

H 

878131 0 l. 

78419 5 

78708 10 

78997 14 

79286 19 

79574 24 

79862 29 
80152 34 

80441 30 

80730 43 

81018 48 

881307 53 1. 

81596 58 

81885 63 

82174 67 

82163 72 

82751 77 

83040 82 

83329 67 

83618 91 

83907 96 


Smvrrs. | t 


148 1.164761 
153 64474 
158 61187 
163 63900 
167 634)13 
172 63326*1 
177 63039, 
182 62752 
187 62465 
191 621781 


-121869 GO 
21581 59 
21292 58 
21003 57 
20714 56 
204261 55 
20137 54 
19818 53 
19559 52 
19270 51 I 
189S2] 50 

.116693 49 j 
18404 48 , 
18115' 47 
17820 46 
17537j 45 , 
17249 44 
16906 13 
166711 42 
163S2 41 
16093 40 
115804 : 
15515 38 
15224* 37 
14937 36 
14618 35 
14359 34 I 
14070 33 
13781 32 
13492! 31 
132U3 30 
1129141 29 
12625 28 
1233*. 27 
12047: »> 
11758 25 
11469i 24 
11180] 23 
10891 22 

load 21 

10313 : 20 

.110023 19 
09734 18 
09415 17 
09156 16 
08867 15 
08578| 14 
08289i 13 
079991 12 
07710! 11 

07421 10 


107132 9 

06843 8 

06553 7 

06264 6 

05975 5 

05680 4 
05396 3 

05107 2 

04818 I 
1.104529 0 


Versed. Suvcrt. 


Parts I Parts Parts 

I for Versed. Suvcri. I for Versed. Suvrrt. for Vened. 


Vers. 


99° 


98° 








TABLE XXXVI. 

Natural Versed and Suversed Sines. 


" Wtsj Part* Part* ’Part*! " 

Ver ** Versed j for Stivers. Versed tor I Stivers. Versed for Stivers. Versed ! for I Stivers. SutK 


11 01.104529 ■ 

L 5 01239 

) 10 03950 

> 14 omn 

> 19 03371 

> 24 03082 

r 29 02793 

r 31 02503 

) 39 02214 

* 44 01925 

> 48 01635 

i 53|1.10I340 1 
i 58) 01050 

l 03 00707 

! C8| 00478 

! 721.100188 

77 1.099899 
82 99009 

> 87 99320 

' 92 99030 

97 98741 

1021.098451 1 
107 98102 

112 97872 

110 97583 

121 97293 

120 97004 

131 96714 

136 96425 

141 96135 

145 OoKir J 
150 1.0955 ,0 < 
155 95207! 

160 94977; 

104 91688 

169 94398 

174 91108 

179 93819 

101 93529 

189 93240 

193 92950 

1981.092660 9 
203 92371 

208 92081 

213 91791 

218 91502 

222 91212 

227 90922 

232 90633 

237 90343 

212 90053 

217 1.089764 9 
252 89174 

257 89184 

261 88894 

266 88605 

271 88315 

276 88025 

281 87735 

285 87446 

290 1.087156 9 


\ 01.087156 930243 

1 5 86860! 30534 

l 10 86576 30824 

l 15 80286J 31114 

I 19 85997! 31404 

I 24 85707 31694 

[ 29 85417 31985 

l 34 85127 32275 

l 39 81837 32565 

l 44 81517 32855 

! 48 842 58 33146 

! 53 1.083968 933136 

! 58 83G78 33726 

! 63 83388; 34016 

! 68 83098| 34307 

: 73 82808 31597 

: 77 82518) 31887 

82 82228 35177 

87 81939 35 468 

92 816491 35758 

_97 81359 36048 

102 1.081069 936339 
107 80779; 36629 

112 80489 36919 

116 801991 37209 

121 79909' 37500 

126 79619) 37790 

131 79329; 38080 

136 79039 38371 

141 78749 38661 

145 78450 38951 

150 1.078169| 939212 
155 77879; 39532 

160 77589 39822 

161 77299 40113 

169 77009 40403 

174 76719. 40694 

179 76429! 40981 

181 76139 41274 

189 75849 41565 

193 75559 41855 

1981.075269 942116 
203 74979 42136 

208 74689 42726 

213 74399 13017 

218 74109, 43307 

222 73818 43598 

227 735281 43888 

232 73238 44178 

237 72918 44469 

242 726581 44759 


5 69166! 

10 09176! 

15 68886] 

19 68596! 

21 68306 

29 68015 

34 G7725 

39 67435 

41 07145 

48 66854 

53 1.066564 1 
58 66271 

63 65981 

68 65693 

73 65403 

77 65113 

82 64823 

87 64532 

92 64242 

97 63 952 

1021-063661 <j 
106 63371 

111 63081 

116 62791 

121 62500 

120 62210 
131 61920 

136 61629 

140 61339 

145 61049 


0 1.052336 
5 52010 

10 51755 

10 51465 

19 61174 

24 50881 

29 50593 

34 50392 

39 60012 

44 49721 

48 49431 

53 1.019140 
58 48850 

63 48559 

68 48209 

73 4797K 

77 47688 

82 47397 

87 47107 

92 46816 

97 46525 

192 1.016225 
106 45944 

111 45654 

116 45363 

121 45072 

126 44782 

131 44491 

136 44201 

140 43910 

145 43619 

150 14)43329 “ 
155 43038 

160 42748 

165 42457 

169 42166 

174 41876 

179 41585 

184 41291 

189 41001 

194 40713 

1981.040422 
203 40132 

208 39841 

213 39551 

218 39260 

223 38969 

227 38679 

232 38388 

237 38097 

212 37807 

247 1.037516 
252 37225 

257 36934 

261 36614 

266 36353 

271 36062 

276 35772 

281 35481 

286 35190 

290 1.034899 


! Suvers. I for Versed. I| Stivers. I for Versed. I! Sui'crs. I for Versed. Sutlers, for Versed. 


94° 





































































TABLE XXXIX. 

LOGARITHMIC DIFFERENCE, 


2 55 


.. _. Din. 

3° 4° 5° 6° 7° loo 7 

' 9.909839 9727 9G12 949G 9380 193 
9838 9725 9G10 9494 9377 193 
983G 9723 9608 9491 9374 194 
9835 9721 960G 9489 9371 194 
9833 9720 9604 9486 9369 195 
9832 9718 9602 9484 9366 195 


9.999831 9716 9599 9481 9363 196 
9829 9714 9697 9479 9360 196 
9828 9713 9595 9476 9357 197 
9827 9711 9593 9474 9354 197 
9826 9709 9591 9471 9351 198 
9824 9707 9589 9469 9348 199 
‘ 9.999823 9706 9587 9466 9345 200 
9821 9704 9584 9464 9342 200 
9820 9702 9582 9461 9339 201 
9819 0700 9580 9459 9337 201 
9817 9699 9578 9456 9334 202 
9816 9697 957 6 9454 9331 202 
‘ 9.999815 9695 9574 9451 9328 203 
9813 9693 95719449 9325 203 
9812 9692 9569 9447 9322 204 
9811 9690 9567 9444 9320 205 
9809 9688 9565 9442 9317 205 
9808 9686 9563 9439 9314 206 
‘ 9.999807 9685 9561 9437 9311 207 
9805 9683 9559 9434 9308 207 
9804 9681 9557 9432 9305 208 
9803 9680 9555 9429 9303 209 
9801 9678 9553 9427 9300 209 
98009676 9551 9424 9297 210 
' 9.999799 9675 9549 0422 9294 211 
9797 9673 9546 9419 9291 211 
9796 9671 9544 9417 9288 212 
9794 9669 9542 9414 9286 212 
9793 9668 9540 9412 9283 213 
9791 9666 9538 0409 9280 214 
9.999790 9664 9536 9407 9277 214 
9789 9662 9533 9404 9274 215 
9787 966195319402 9271 216 
9786 9659 9529 9399 9268 217 
9785 9657 9527 9397 9265 217 
9783 9655 9525 9394 9262 218 
’ 9.999782 9653 9523 9392 9259 218 
9781 9652 9520 9389 9257 219 
9779 9650 9518 9387 9254 219 
9778 9648 9516 9384 9251 220 
9777 9646 9514 9382 9248 220 
9775 9645 9512 9379 9245 221 


9481 9363 196 
9479 9360 196 
9476 9357 197 
9474 9354 197 
9471 9351 198 
9469 9348 199 


9706 9587 
9704 9584 
9702 9582 
9700 9580 
9699 9578 
9697 9576 


9466 9345 200 
9164 9342 200 
9461 9339 201 
9459 9337 201 
9456 9334 202 
9454 9331 202 


59 0 9.999790 9664 9536 9407 9277 214 

10 9789 9662 9533 9404 9274 215 

20 9787 966195319402 9271 216 

30 9786 9659 9529 9399 9268 217 

40 9785 9657 9527 9397 9265 217 

50 9783 9655 9525 9394 9262 218 

GO 0 9.999782 9653 9523 9392 9259 218 

10 9781 9652 9520 9389 9257 219 

20 9779 9650 9518 9387 9254 219 

30 9778 9648 9516 9384 9251 220 

40 9777 9646 9514 9382 9248 220 

50 9775 9645 9512 9379 9245 221 

61 0 9.999774 9643 9510 9376 9242 222 

10 9772 9641 9507 9374 9239 223 

20 9771 9639 9505 9371 9236 223 

30 9769 9638 9503 9369 9233 224 

40 9768 9636 9501 9366 9230 225 

50 9766 9634 9499 9361 9227 225 


62 0 |9.999765|9632|9497 9361 9224 226 


P. parts toi 1 * 2 * 3 77 4* 5 * & 7 " 8 * 9* \jb 
•ec. of par. (0011 1 1222 Svi 


Moon's App. Alt. Moon’s Center. Diff. 

Hor. - - --- to 

Par. 8° 9° 10° 11° 12° 100* 

53' 0^9.999264 9148 9032 8917 8803 "192“ 
10 9261 9144 9028 8913 6798 192 

20 0257 9140 9024 8908 8794 193 

30 9254 9137 9021 8904 8769 194 

40 92519133 9017 8900 8784 194 

50 9247 9129 9013 8895 8779 195 

54 0 9.999244 9126 9009 8891 8774 196 

10 9241 9122 9005 8887 8770 197 

20 9238 9119 9001 8882 8765 197 

30 9234 9115 8997 8878 8760 198 

40 9231 9112 8993 8874 8756 199 

50 9228 9108 8989 8869 8751 199 

55 0 9.999225 9105 8985 8865 8746 200 

10 9222 9101 8981 8860 8742 201 

20 9219 9098 8977 8856 8737 201 

30 9216 9094 8973 8852 8732 202 

40 9212 9091 8969 8847 8727 202 

50 9209 9087 8965 8843 8722 203 

56 0 9.999206 9083 8961 8839 8718 203 

10 9203 9079 8957 8834 8713 204 

20 9199 9076 8953 8830 8708 205 

30 9196 9072 8949 8826 8704 205 

40 9103 9069 8945 8821 8699 206 

50 9190 9065 8941 8817 8694 206 


57 0 9.999186 9062 8937 8813 8690 207 

10 9183 9058 8934 8808 8685 208 

20 9180 9055 8930 8804 8680 209 

30 9176 9051 8926 8800 8676 210 

40 9173 9048 8922 8795 8671 211 

50 9170 9044 8918 8791 8666 212 

58 0 9.999167 9040 8914 8787 8662 ~ 2 \ 2 ' 

10 9163 9037 8910 8782 8657 213 

20 9160 9033 8906 8778 8652 213 

30 9157 9029 8902 8774 8648 214 

40 9154 9026 8898 8769 8643 214 

50 9151 9022 8894 8765 8638 215 

59 0 9.999147 9018 8890 8761 8634 "215" 

10 9144 9014 8886 8756 8629 216 

20 9141 9011 8882 8752 8624 216 

30 9137 9007 8878 8748 8619 217 

40 9134 9004 8874 8743 8616 21T 

50 9131 9000 8870 8739 8610 218 

60 0 9.999128 8997 8866 8735 8605 21 

10 9124 8993 8862 8730 8600 219 

20 9121 8990 8858 8726 8596 220 

30 9118 8986 8854 8722 8591 220 

40 9115 8982 8850 8717 8586 221 

50 9112 8979 8846 8713 8581 222 

61 0 9.999108 8975 8842 8709 8577 222 

10 9105 8971 8838 8704 8572 223 

20 9102 8968 8834 8700 8567 223 

30 9098 8964 8830 8695 8562 224 

40 9095 8960 8826 8691 8558 224 

50 9092 8957 8822 8687 8553 225 


62 0 19.999089 8953|8818|H683i8548 


P. parts to S V' 2T 3" 4" 5" CM* 8* 9 • 
sec. of par. (01112 3 3 1% 










































































































































.997164 7012 0918 
715G7Q33 6009 
7147 7024 6900 
7139 7015 6891 
7130 7006 6882 
7122 6907 6872 
9.997113 6988 6863 


6798 6670 203 
6788 6666 204 
6779 6657 205 
6769 6647 205 
6759 6637 206 
6749 G627 206 
6740 6617 207 


9.990680 
6670 
6659 
66-19 
6639 
6629 
9.996619 
6608 
6598 
6588 
6578 
6507 
9.996557 
65 17 

Ml 

6526 

6516 

650 6 

9.996196 


1 63 10 0229 

2 6320 6218 
I 6318 6206 
) 6307 6195 
) 6295 6183 
i 62816172 


6502 6387 
0492 6177 0202 6119 
6181 036602510137 
6171 6355 62396126 
6460 6341 6228 6111 
6119 0333 0217 0103 
0139 6322 0200 0091 
0128 6312 6195 0080 
6418 6201 01816068 
6107 0290 6172 6057 
0397 0279 6161 '0045 
63860208 0150 0034 
0370 0257 0139 0022 


P. parts to 4 V 2* V 4" 5* 6" 7* 8* 9" ). 

sec. of par. $123345678$ 


P. part* to $ 1' 2" 3* 4* 5* 0* 7* 8'O' 
•ec. of par. f 1 2 3 4 0 7 8 9 10 



















































































258 


TABLE XXXIX. 


LOGARITHMIC DIFFERBNCR. 



App. AU. Moon’s Center. 

Diff. 

nor. 


to 

Par. 

33° 34° 35° 30° 37° 

lOO' 


0* 

9.996545 6147 6351 6256 6162 

159 


10 

6533 6135 G338 6213 6149 

159 


20 

6521 6423 6326 6230 6136 

160 


30 

6509 6411 6314 6217 6123 

161 


40 

6497 6399 6301 6205 6110 

161 


50 

6485 6386 6289 6192 6097 

162 

"54 

0 

9.996474 6374 6276 6179 6081 

162 


10 

6162 6362 6261 6167 6071 

163 


20 

6450 6350 6252 6154 6058 

163 


30 

6138 6338 6239 G141 6045 

164 


40 

6127 6326 6227 0128 6032 

164 


50 

6415 6314 6214 6116 6019 

165 

55 

0 

9.996403 6302 6202 6103 6006 

165 


10 

6391 6200 6189 6091 5993 

166 


20 

6379 6277 0177 6079 5980 

166 


30 

6368 6265 6165 6065 5907 

167 


40 

G356 6253 6152 6052 59.14 

167 


60 

6344 6241 6110 6039 5941 

168 

56 

0 

9.99C332 6229 6127 0027 5928 

168 


10 

6321 6217 6115 6014 5915 

169 


20 

6309 6205 6102 6001 5902 

1G9 


SO 

0297 6193 6090 5989 5889 

170 


40 

6285 6180 6078 5976 5876 

170 


50 

6278 61G8 6065 5963 5863 

171 

57 

0 

9.996262 6156 6053 5950 5850 

171 


10 

6249 6144 6040 5928 5837 

172 


20 

623716132 6028 5925 5824 

172 


30 

G22GIG120 6015 5912 5811 

173 


40 

6214 Cl08 G002 5900 5798 

173 


60 

6202 6096 5991 5887 5785 

174 

58 

0 

9.990190 0081 5978 5874 5772 

174 


10 

6178 0072 5966 5861 5759 

175 


20 

61G6 6060 5953 5849 5746 

175 


30 

6155 6047 5941 5836 5733 

17G 


40 

0143 6035 5929 5823 5720 

17G 


50 

0132 6023 5916 5811 5707 

177 

69 

0 

9.996119 0011 5904 5798 5694 

177 


10 

6107 5999 5891 5785 5680 

178 


20 

6096 5987 6879 5772 5607 

178 


30 

6084 5975 5866 5760 5654 

179 


40 

6072 5962 5854 5747 5G41 

179 


50 

6060 5950 5842 5731 5628 

180 

60 

0 

9.996048 5938 5829 5721 5615 

180 


10 

6037 5926 5817 5708 5602 

181 


20 

6025 591415804 5695 5589 

181 


30 

6013 5902 5792 5683 557C 

182 


40 

6001 5890 5779 5671 5563 

182 


50 

5989 5878 57G7 5658 5550 

183 

61 

0 

9.995978 5866 5755 5645 5537 

183 


10 

5966 5853 5742 5632 5524 

184 


20 

5954 5841 5730 5620 5511 

181 


30 

5943 5829 5717 5007 5198 

185 


40 

5931 5817 5705 5594 5185 

186 


50 

5919 5805 5693 5582 5472 

187 

62 

0 

9.995907 579315680 5569 5459 

187 

P. 

parts to ( 1* V 3" 4" 5" 6* 7" 8" 9* ) .o 

sec. of 

par.* 1 3 4 5 6 7 9 10 11 

S'xi | 


53' 0* 9. 
10 
20 
30 
40 

_no 

54 0 0. 
10 

20 

30 

40 

50 

55 0 9. 

10 

20 

30 

40 

50 

56 0 9. 
10 

20 

30 

40 

50 

57 0 9. 
10 

20 

30 

40 

50 

58 0 9. 
10 

20 

30 

40 

50 

59 0 9. 
10 

20 

30 

40 

50 _ 

60 0 9. 
10 

20 

30 

40 

50 

61 0 9, 
10 

20 

30 

40 

50 

62 0 9 


App. AU. Moon's 

38° 39° 40° 

.996069 5977 5887 
6056 5964 5873 
6042 5950 5859 
6029 5937 5846 
6016 5923 5832 
6003 5910 5818 


995989 

5976 

5963 

5950 

5936 

5923 

995910 

5896 

5883 

5870 

5856 

6843 

995830 

5816 

5803 

5790 

5770 

5763 

995750 

5736 

5723 

5710 

5696 

5683 

995670 

5656 

5613 

5630 

5616 

6603 

995590 

5576 

5503 

5550 

5536 

5523 

995510 

5496 

5483 

5470 

5456 

5443 

995430 

5416 

5103 

5390 

5376 

5363 

995350 


5896 5804 
5883 5790 
5869 5776 
5856 5762 
5842 5748 
5829 5735 
5815 5721 
5801 5707 
5788 5693 
5774 5679 
5761 5665 
5747 5652 
5733 5637 
5720 5623 
5706 5609 
5693 5596 
5679 5582 
5666 5568 
5652 5554 
5638 5541 
5625 5527 
5611 5513 
5597 5499 
5584 5485 
5570 5471 
5550 5457 
5543 5443 
5529 5429 
5516 5416 
5502 5402 
5488 5388 
5475 5374 
5461 5360 
5447 5346 
5434 5332 
S4M illfl 
5407 5304 
5393 5291 
5379 5277 
5366 5263 
5352 5249 
5338 5235 
5325 5221 
5311 5207 
5297 5193 
5284 5180 
5270 5166 
5256 5152 
5213 5138 


Center. Difi 

41° 42° lOQf 
5798 57U 149 
5784 5697 150 
5770 5682 150 
5756 5668 151 
5741 5653 152 
5727 5639 152 ! 
5713 5624 153 
5699 5610 153 
5685 5596 154 
56715581 154 
5657 '5567 155 
5643 5552 155 
5628 5538 156 
5614 5523 156 
5600 5509 157 
5586 5494 157 
5572 5480 158 
5558 - 5465 158 
55445451 158 
55295437 159 
> >1>5422 159, 
55015408 160 
5487 5394 ICO 
5473 5379 161 
5459 5365 161 ! 
5444 5350 162 | 
5430 5336 162 
54165321 162 
5402 5307 163 
5388 5292 163 
>374 5*78 164 ( 
5359 5263 164 
534 5 5 2 49 1 65 ' 
5331 5234 165 
5317 5220 16*5 
5303 5205 166 
5289 5191 167 

5274 5177 167 
5260 5163 167 
5246 5148 168 
5232 5134 168 
5218 5119 16> 
5204 5105 169 
5189 5090 169 
5175 5076 170 
51615061 170 
5147 5047 171 
5133 5032 17 1 
51195018 172 
51015003 172 
5090 4989 173 
5076 4974 173 
5062 4960 174 
5048 4945 174 

‘ 


P. parts to { 1" 2" 3* 4" 5* 6* 7* 8* 9* \ 
sec. of par. \ 1 3 4 0 7 8 10 11 13 % 









P. parts to S 1* 2* 3" 4* 5 ” G' V 8" 9" ) A 
sec. of par. $ 2 3 4 6 7 9 10 12 14 


P. parts to $ 1" 2" 3" 4" 5* 6" 7* 8" 9* ) A 
see. of par. \ 2 3 5 7 8 10 12 73 15*5 























































TABLE XXXIX, 


LOGARITHMIC DIFFERENCE 


Mood's App. Alt. Moon's Center. Diff. 

Hor. ----- - 7 — -~ to 

Par. 53° 54° 55 ol 56° 57° 100> 

53' O' 9.994842 4773 4705 4639 4574 ThT 
10 4825 4750 4687 4021 1550 112 

20 4808 4738 4670 4603 4538 112 

30 4701 4721 4652 4586 4520 113 

40 4774 4703 4635 4568 1502 113 

50 4757 4686 1617 4550 1484 113 

54 0 9.994739 4668 4599 4582 4466 TT4~ 

10 4722 4651 4582 451 4 1448 114 

20 4705 4634 4564 4496 4130 114 

30 4688* 4617 4547 4479 4112 115 

40 4671 4599 4529 4401 1394 115 

50 4654 4582 4512 4443 1376 115 

55 0 9.994637 4564 4494 4425 4358 116 

10 4620 4547 4476 4408 4310 116 

20 4602 4530 4459 1390 1322 117 

30 4585 4512 4411 4372 4304 117 

40 4508 4495 4423 1354 4286 117 

50 4551 4478 4406 4337 4268 118 

56 0 9.991534 4 160 4388 4319 4250 118 

10 4516 4443 4371 4301 4232 118 

20 4499 4425 4353 4283 4214 119 

30 4482 4408 4336 4265 4196 119 

40 4465 4391 4318 4247 4180 120 

50 4448 4373 4301 4230 4160 120 

57 0 9.994431 4356 1283 4212 4142 TIT 

10 4414 4339 4265 4194 4124 121 

20 4397 4321 4248 4176 4106 121 

30 4379 4304 4230 4158 4099 122 

40 4362 4287 4213 4140 4070 122 

50 4345 4269 4195 4123 4052 122 

58 0 9.994328 4252 4178 4105 4034 123 

10 4311 4234 4160 4087 4016 123 

20 4294 4217 4142 4069 3998 123 

30 4276 1200 4125 4051 3980 124 

40 4259 4182 4107 4033 3962 124 

50 4242 4165 4090 4016 3944 124 

59 0 9.994225 4147 1072 3998 3926 125 

10 4208 1130 4054 3980 3908 125 

20 4191 4112 4037 3962 3890 125 

30 4174 4095 4019 3914 3872 126 

40 4156 4078 4002 3927 3854 126 

50 4139 4061 3984 3909 3836 127 

60 0 9.994122 4043 3967 3891 3618 127 

10 4105 4026 3949 3873 3800 127 

20 408$ 4008 3931 3855 3782 128 

30 4071 3991 3913 3837 3764 128 

40 4054 3974 3896 3820 3746 128 

50 4036 3957 3879 3802 3728 129 

61 0 9.994019 3939 3860 3785 3710 129 

10 4002 3921 3843 3766 3692 129 

20 3985|3904 3823 3748 3674 130 

30 3968,3886 3808 3731 3656 130 

40 3951 3869|3790 3713 3638 130 

60 3933'385113773 3695 3620 131 

62 0 9.993916|3834 3755 3677 3602 131 


P. parts to ( 1" 2" 3" 4" 5" 6" 7" 8" 9" 
sec. of par. $ 2 3 5 7 9 11 13 14 16 ) £ 



9.991103 4341 4281 4222 4165 98 

4385 4322 4263 4204 4146 99 

4366 4304 4244 4185 4127 99 

4348 4285 4225 4166 4109 99 

4330 4267 4207 4147 4090 100 
4312 4249 4188 4129 4071 100 




56 0 9.994184 4120 4058 3997 3938 103 
10 4166 4102 4039 3978;3919' 103 


4148 4083 4021 3959 3900 103 
4130 4065 4002 3940 3882 104 
4112 4046 3984 3922 3863 104 
4093 4028 3965 3903 3844 104 



>3899 3835 
*3881 3816 
) 3863 3798 
[ 3844 3779 
\ 3826 3759 
> 3808 3742 


3772 3711 
3753 3692 
373o l 3673 
3716 3654 
3697 3635 
3678 3610 


3789 3723 3660 3597 
) 3771 3705 3641 3579 
) 3753 3686 3622 3560 
>3734 3668 3603 3541 
I 371G 3649 3584 3522 

> 3697 3630 3566 3503 

> 3679 3612 3547 3484 
) 36G0 3593,352'' 3465 
1 3612 3574 3509 3446 


3693 3623 3556.3490 3427 
3675 3605 3537 3472 3408 
3657 3587 3518.8453 3389 
9.993638 3568 35003434 3370 " 
3620 3550 3481 3415 3351 
3602 3532 31G2 3396 3332 
3584 3513 3444,3378 3313 
3506 3195 3425|3359 3294 
3548 3477 3406 3340 3275 
~ 9.093529 3458 338s|332113256 


P. parts to S P 2" 3" 4" 5" 6" 7" 8* 9* > jl 5 
sec. of par. \ 2 4 6 7 9 11 13 15 17 * Jg 















































TABLE XXXIX, 


261 


LOGARITHMIC DIFFERENCE. 






















































































































































































26-2 


TABLE XXXIX. 


LOGARITHMIC DIFFERENCE. 




Moon’s 

Hor. 

Par. 

App. Alt. Moon's Center. 

DiH. 

to 

100 7 

Moon’s 

Hor. 

Par. 

App. Alt. Moon’s Center. 

Diffj 

to 

100 7 1 

73° 

74° 

75° 

76° 

77° 

78° 

79° 

80° 

81° 

82° 

“53 

0” 

9.993788 

3753 

3721 

3691 

3661 

52 

53 

0" 

9.993640 

3617 

3595 

3577 

3560 

33 


10 

3767 

3732 

3700 

3670 

3643 

52 


10 

3619 

3596 

3574 

3556 

3539 

33 


20 

3746 

3712 

3680 

3649 

3623 

52 


20 

3598 

3575, 

3553 

3535 

3518 

33 


30 

3726 

3691 

3659 

3629 

3602 

52 


30 

3577 

3554 

3532 

3513 

3 196 

34 


40 

3705 

3671 

3636 

3608 

3581 

52 


40 

3556 

3533 

3511 

3492 

3175 

34 


50 

36S 1 

3650 

3617 

3587 

3560 

52 


50 

3535 

3512 

3490 

3471 

345 4 

34 

"54 

0 

9.993664 

3630 

3597 

3567 

3540 

52 

54 

0 

9.993514 

3491 

3469 

3450 

3433 

34 


10 

3643 

3609 

3576 

3546 

3519 

52 


10 

3493 

3170 

3448 

I4» 

3412 

31 


20 

3623 

3588 

3555 

3525 

319h 

52 


20 

3472 

3449 

3127 

340S 

3390 

34 


30 

3602 

3568 

3536 

3505 

3477 

53 


30 

3151 

3428 

3406 

3387 

3369 

34 


40 

3582 

3547 

3514 

3181 

3 156 

53 


40 

3430 

3407 

3385 

3365 

3348 

35 


50 

3561 

3526 

3493 

3463 

3136 

53 


50 

3409 

3386 

3364 

3344 

3327 

35 

55 

0 

9.993541 

3506 

3173 

3113 

3415 

53 

55 

0 

9.993388 

3365 

3243 

3323 

3306 

35 


10 

3520 

3485 

3452 

3 122 

3394 

53 


10 

3368 

3344 

3322 

3302 

3284 

35 


20 

35003464 

3131 

3101 

3373 

53 


20 

3347 

3323 

3301 

3281 

3263 

35 


30 

3479 3441 

3411 

3380 

3352 

53 


30 

3326 

3302 

3280 

3260 

3242 

35 


10 

31593423 

3390 

3360 

3331 

54 


40 

3305 

3281 

3259 

3238 

3221 

35 


50 

3438 

3402 

3370 

3339 

3310 

54 


50 

3281 

3260 

3238 

3217 

3200 

35 

56 

0 

9.993418 

3382 

3349 

3318 

3289 

54 

56 

0 

9.993263 

3239 

3217 

3196 

3178 

36 


10 

3397 

3361 

332H 

3297 

3269 

54 


10 

3212 

3218 

3196 

3175 

3157 

3G 


20 

3377 

3310 

3307 

3276 

3248 

54 


20 

3221 

3197 

3175 

3154 

3136 

36 


30 

3356 

3320 

3287 

3255 

3227 

54 


30 

3200 

3176 

3154 

3133 

3115 

36 


40 

3336 

3299 

3266 

3234 

3206 

54 


40 

3179 

3155 

3133 

3111 

3094 

36 


50 

3315 

3278 

3245 

3214 

3185 

55 


50 

3158 

3134 

3111 

3090 

3072 

36 

57 

0 

9.993295 

3258 

3225 

3193 

316-1 

55 

57 

0 

9.993137 

3113 

3090 

3069 

3051 

36 


10 

3274 

3237 

3204 

3172 

3141 

55 


10 

3117 

3092 

3069 

3048 

3030 

36 


20 

3251 

3217 

3183 

3151 

3123 

55 


20 

3096 

3071 

3048 

3027 

3009 

36 


30 

3233 

3196 

3163 

3131 

3102 

55 


30 

3075 

3050 

3027 

3006 

2988 

36 


40 

3213 

3176 

3142 

3110 

3081 

55 


40 

3054 

3029 

3006 

2985 

2966 

37 


50 

3192 

3155 

3121 

3089 

3060 

56 


50 

3033 

3008 

2985 

2964 

2945 

37 

"58 

0 

9.993172 

3136 

3101 

3008 

3039 

56 

58 

0 

9.993012 

2987 

2964 

2943 

2921 

37 


10 

3151 

3114 

3080 

3047 

3018 

56 


10 

2991 

2966 

2943 

2921 

2903 

37 


20 

3131 

3094 

3060 

3027 

2997 

56 


20 

2970 

2945 

2922 

2900 

2881 

37 


30 

3110 

3073 

3039 

3006 

2977 

56 


30 

2949 

2924 

2901 

2879 

2860 

37 


40 

3090 

3053 

3018 

2985 

2956 

56 


40 

2928 

2902 

2880 

2858 

2839 

37 


50 

3069 

3032 

2997 

2964 

2935 

56 


50 

2907 

2881 

2858 

2837 

2818 

37 

59 

0 

9.993049 

3012 

2977 

2944 

2914 

57 

59 

0 

9.992886 

2860 

2837 

2816 

2797 

37 


10 

3028 

2991 

2956 

2923 

2893 

57 


10 

2865 

2839 

2816 

2T95 

2775 

37 


20 

3008 

2970 

2935 

2902 

2872 

57 


20 

2844 

2818 

2795 

2773 

2754 

37 


30 

2987 

2950 

2915 

2881 

2851 

57 


30 

2823 

2797 

2774 

2752 

2733 

37 


40 

2967 

2929 

2891 

2860 

2830 

57 


40 

2802 

2776 

2752 

2731 

2712 

38 


50 

1946 

2908 

2873 

2840 

2809 

57 


50 

2781 

2755 

2731 

2710 

2691 

38 

60 

0 

9.9929*26 

2888 

2853 

2819 

2788 

58 

"60 

0 

9.992760 

2734 

2710 

2689 

2669 

38 


10 

2905 

2867 

2832 

2798 

2768 

58 


10 

2739 

2713 

2689 

2668 

2648 

38 


20 

2885 

2847 

2811 

2777 

2747 

58 


20 

2718 

2692 

2668 

2647 

2627 

38 


30 

2861 

2826 

2791 

2756 

2726 

58 


30 

2697 

2671 

2647 

2626 

260G 

38 


40 

2844 

2806 

2770 

2736 

2705 

58 


40 

2C76 

2650 

2626 

2604 

2585 

38 


50 

2823 

2785 

2749 

2715 

2684 

58 


50 

2055 

2629 

2605 2563 

2563 

38 

"oT 

0 

9.992803 

2765 

2729 

2694 

2663 

58 

~6l 

“o" 

9.992034 

2608 

2584 2562 

2543 

38 


10 

2782 

2744 

2708 

2673 

2612 

59 


10 

2614 

2587 

2563 2541 

2521 

| 38 


20 

2762 

2723 

2687 

2653 

2621 

59 


20 

2593 

2566 

M H|MM 

2500 

38 


30 

2741 

2703 

2666 

2632 

2600 

59 


30 

2572 

2545 

25202499 

2479 

38 


40 

2721 

2682 

2645 

2611 

2580 

59 


10 

2551 

2524 

2499 2178 

2457 

38 


50 

2700 

2661 

2626 

2590 

2559 

59 


50 

2530 

2503 

24782456 

*2436 

39 

“62 

0 

9.992680 

2641 

2601 

2570 

2538 

59 

“62 

El 

9.992509 

2482 

24:57|2435 

*2415 

39 


P. parts to S l” 2" 3" 4" 5" 6" 7" 8" 9" } -a 
sec. of par. ( 2 4 6 8 11 13 15 17 19 S ca 


P. parts to{ 1" 2" 3* 4" 5* 6" 7* 8" 9* } 
sec. of par. $ 2 4 0 8 11 13 15 17 19 S& 









TABLE XXXIX. 


LOGARITHMIC DIFFERENCE. 


53' O^O. 

10 

20 

30 

40 

50 

54 0 9. 
10 

20 

30 

40 

50 

55 0 9. 
10 

20 

30 

40 

50 

56 0 9. 
10 

20 

30 

40 

50 


993290 

3269 

3247 

3226 

3205 

3184 

993162 

3141 

3120 

3098 

3077 

3056 


9.993035 

3013 

2992 

2971 

2950 

2928 

‘9.992907 

2886 

2865 

2843 

2822 

2801 


3277 3265 3255 18 
3256 3244 3234 18 
3234 3223 3213 18 
3213 3201 3191 18 
3192 3180 3170 18 
31713159 3149 18 
3149 3137 3127 ~l9 
3128 3116 3106 19 
3106 3095 3085 19 
3086 3073 3063 19 
3064)3052 3042 19 
3042 3031 3021 19 
302113009 2999 19 


Diff. 

Moons 

to 

Hor. 

100* 

Par. 

18 

53' 0" 

18 

10 

18 

20 

18 

30 

18 

40 

18 

50 

18 

64 0 

18 

10 

18 

20 

18 

30 

18 

40 

18 

50 

18 

55 0 

18 

10 

18 

20 

18 

30 

18 

40 

18 

50 

19 

56 0 

19 

10 

19 

20 

19 

30 

19 

40 

19 

50 

19 

57 0 

19 

10 

19 

20 

19 

30 

19 

40 

19 

50 

19 

58 0 

19 

10 

19 

20 

19 

30 

19 

40 

19 

50 

19 

59 0 

19 

10 

19 

20 

19 

30 

19 

40 

19 

50 

19 

60 0 

19 

10 

19 

20 

19 

30 

19 

40 

19 

50 

19 

61 0 

19 

10 

19 

20 

10 

30 

19 

40 

19 

50 

19 1 

62 0 


TABLE XL*. 1 

Correction oftheLoj: 
arithmic Diff. when 
the Sun is observed 


88° 89° PHIL _ S«« 


3483 3477 3475 
3462 3456 3454 
3441 3435 3432 
3419 3413 3410 
3398 3392 3389 
9.993377 3371 3368 
3355 3349 3346 
3334 3328 3325 
3313 3306 3303 
3291 3285 3282 
3270 3264 3261 
9.993248 3242 3239 
3227 3221 3218 
3205 3199 3197 
3184 3178 3175 
3163 3156 3154 
3141 3135 3132 
9.993120 3114 3111 
3098 3092 3090 
3077 3071 3068 
3056 3049 3047 
3034 3028 3025 
3013 3007 3004 
9.992991 2985 2982 
2970 2964 2961 
2949 2943 2940 
2927 2921 2918 
2906 2900 2897 
2885 2879 2876 
9.992863 2857 2854 
2842 2836 2833 
28212814 2812 
2799 2793 2791 
2778 2771 2769 
2757 2750 2748 
9.992735 2729 2726 
2714 2707 2705 
2693 2686 2683 
2671 2664 26G2 
2650 2643 2640 
2629 2622 2619 
9.992607 2600 2597 
2586 2579 2576 
2565 2558 2555 
2543 2537 2633 
2522 2515 2512 
2501 2194 2490 
9.992479 2472 2169 
2458 2451 2448 
2436 2430 2426 
2115 2108 2405 
2393 2387 2383 
2372 2366 2302 
9.992350 234412340 


App. 

Alt. 

Sun. 

Cor. 

Sub. 

aT 

Sun. 

Cor 

Sub. 

o 


o 


3 

28 

44 

13 

4 

19 

46 

14 

5 

14 

48 

14 

6 

11 

49 

14 

7 

9 

50 

15 

8 

8 

52 

15 

9 

7 

54 

15 

10 

7 

55 

16 

12 

6 

56 

16 

14 

6 

58 

16 

16 

7 

60 

1G 

18 

7 

62 

16 

20 

8 

63 

17 

21 

8 

64 

17 

22 

8 

66 

17 

24 

8 

68 

17 

25 

8 

69 

18 

26 

9 

70 

18 

28 

9 

72 

18 

29 

10 

74 

18 

30 

10 

76 

18 

32 

10 

78 

18 

33 

11 

79 

18 

34 

11 

80 

18 

36 

11 

81 

18 

37 

12 

82 

18 

38 

12 

84 

19 

40 

12 

86 

19 

41 

13 

88 

19 

42 

13 

90 

19 


TABLE XLI. 

Correction of theLoy- 
aritlimic Diff. when 
a Star is observed. 


P. parts to J 1" 2 " 3" 4' 5" GT 7" 8" 9" i 

sec. of par .} 2 4 C 9 11 13 15 17 19 


T 

Cor 

Sub. 

fit 

Star 

Star. 

6 


~o 

3 

27 

23 

4 

19 

24 

5 

12 

25 

6 

9 

26 

7 

7 

27 

8 

6 

28 

9 

5 

29 

10 

4 

30 

11 

3 

31 

12 

3 

32 

13 

2 

33 

14 

41 

34 

15 

1 

35 

16 

1 

36 

17 

1 

37 

18 

1 

38 

19 

1 

39 

20 

1 

40 

21 

1 

to 

22 


90 












2G4 

TABLE XLIF. 


AMPLITUDES. 

DECLINATION. 




I 0 7 0 8 0 9 010 011 0 12 0 13 0 14 0 

I 0 7 1 8 1 9 1 10 1 11 1 12 1 13 1 14 1 

► 1 7 2 8 2 9 2.10 2 11 3 12 3 13 3 14 3 

3 7 3 8 4 9 4 10 5 11 5 12 5 13 6 14 6 

5 7 5 8 6 9 710 8 11 812 9 13 10 M 11 

6 7 6 8 8 9 9 10 10 11 11 12 11 13 12 14 13 

7 7 7 8 9 9 10 10 11 11 13 12 13 13 15 14 16 

8 7 9 8 11 9 12 10 13 11 16 12 16 13 18 14 19 

10 7 11 8 13 9 14 10 16 11 18 12 19 13 21 14 23 

11 7 13 8 15 9 17 10 1911 20 12 22 13 24 14 26 

13 7 15 8 17 9 19 10 21 11 21 12 26 13 28 14 30 

15 7 17 8 19 9 22 10 24 11 27 12 29 13 32 14 35 

17 7 19 8 22 9 25 10 28 ll 31 12 33 13 36 14 39 

19 7 22 8 25 9 28 10 31 11 34 12 38 13 41 14 44 

21 7 24 8 28 9 31 10 35 11 39 12 42 13 46 14 49 

23 7 27 8 31 9 35 10 39 11 43 12 47 13 51 14 55 

20| 7 30 8 31 9 3910 4311 4812 52 13 57 15 1 

IS 7 33 8 38 9 43 10 48 11 53 12 57 U 2.15 7 

31 7 36 8 42 9 47 10 52 11 58 13 3 14 9 15 14 

34 7 40 8 46 9 52 10 57 12 3 13 9 14 15 15 21 

37 7 44 8 50 9 56 11 3 12 9 13 16 14 22 15 29 

41 7 48 8 54 10 1 11 8 12 13 13 22 14 30 15 37 

44 7 52 8 59 10 7 11 14 12 22 13 30 14 37 15 45 

48 7 56 9 4 10 12 11 21 12 29 13 37 14 16 15 54 

52 8 1 9 9 10 18 11 27 12 36 13 45 14 54 16 3 

56 8 5 9 15 10 24 11 34 12 44 13 53 15 3 16 13 

0 8 10 9 21 10 31 11 41 12 52 14 215 13 16 21 

5 8 16 9 27 10 38 11 49 13 0 14 11 15 23 16 34 

10 8 21 9 33 10 45 11 57 13 9 14 21 15 34 16 46 

15 8 27 9 40 10 53 12 6 13 18 14 31 15 45 16 58 

20 8 33 9 47 11 1 12 14 13 28 14 42 15 56 17 11 

25 8 40 9 64 U 9 12 24 13 39 U 54 16 9 17 24 

31 8 47 10 2 11 18 12 33 13 4915 5 16 22 17 38 
37 8 54 10 10 11 27 12 44 14 1 15 18 16 35 17 53 

44 9 1 10 19 11 37 12 55 14 13 15 31 16 50 18 8 

51 9 910 28U 47 13 614 25 15 45 17 5 18 25 

58 9 18 10 38 11 58 13 18 14 39 15 59 17 20 18 42 

6 9 26 10 48 12 9 13 31 14 53 16 15 17 37 19 0 

13 9 36 10 58 12 21 13 44 15 7 16 31 17 55 19 19 

21 9 45 11 9 12 34 13 58 15 23 16 48 18 13 19 39 

30 9 55 11 21 12 47 14 1315 3917 618 33 20 0 
39 10 6 11 33 13 1 14 29 15 57 17 25 18 54 20 23 

49 10 18 11 46 13 16 14 45 16 15 17 45 19 16 20 47 

59 10 30 12 0 13 31 15 2 16 34 18 6119 39 | 21 12 

1010 4212 15 13 48 15 21 16 5418 2920 3 21 38 

22 10 5612 30 14 5 15 40 17 1618 5220 29 22 7 

34 11 10 12 47 14 21 16 1 17 3919 17 20 57 22 36 

47 11 25 13 4 U 43 16 23 18 3 19 44 21 26,23 8 

011 41 13 22 15 4 1G 4618 29 20 13 21 67 23 42 

15 11 58 13 42 15 26 17 11 18 57 20 43 22 30 21 18 

30 12 16 14 3 15 50 17 3719 26 21 15 23 5 24 57 

46 12 35 14 25 16 15 18 5 19 57 21 5023 43 25 38 

4 12 56 14 48 16 42 18 36 20 30 22 26 24 24 26 22 

23 13 1815 14 17 1019 821 623 6HT~7^TT6 

43 13 41 15 41 17 41 19 4221 45 23 49 25 54 28 1 

! 4 14 616 10 18 14 20 19*22 26 24 31 26 44 28 56 

! 27 14 34,16 41 18 49 20 59 23 11 25 2427 3929 56 

l 52 15 3il7 15 19 2821 4223 5926 17§8 3831 1 

1915 3-1:17 51 20 9 22 29 24 51 27 15 29 42 32 12 

48 16 8 18 312 ) 5423 2025 4828 1930 52 33 30 

19 16 46(19 14 21 44 24 16 26 50 29 28 3*2 10 34 55 

51 17 26120 1 22 37185 1627 59 30 45 33 35 36 30 
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TABLE XLtlv 
AMPLITUDES. 
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G 
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G 
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G 
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G 

42 

G 
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asa TABLE XL1V. 

For finding dm apparent time of the principal star’s passing the 
meridian throughout the tear. 




































































































































































































































































Vega . 

a AqUIUE .. . 

• Pavo. 

Deneb . 

Alderaimin . 
a Aquarius.. 

a Grux. 

Fomalhaot 
Scheut .... 
Marcab. .. 
Alpheratz.. 


15 

5j 

15 

36 

15 

17 

14 

58 

17 

6 

16 

47 

16 

28 

16 

8 

17 

36 

17 

16 

16 

57 

16 

37 

17 

69 

17 

40 

17 

21 

17 

1 

18 

38 

18 

19 

18 

0 

17 

40 

19 

21 

19 

2 

18 

42 

18 

22 

19 

21 

19 

2 

18 

42 

18 

23 

20 

12 

19 

53 

19 

33 

19 

14 

20 

19 

20 

0 

19 

41 

19 

21 

20 

20 

20 

1 

19 

41 

19 

22 

21 

23 

21 

4 

20 

45 

20 

25 


1 41 II 20 

2 29 12 8 
2 49 12 29 

2 54 


13 53 13 33| 
15 4 14 43 

15 33 15 12 

15 57 15 3G 

16 36 16 15 

17 16 16 58 

17 18 16 58 

18 9 17 49 

18 17 17 56 

118 17 17 57 

119 21 19 0 


13 

12 

12 

51 

12 

31 

12 

10 

14 

23 

14 

3 

13 

42 

13 

21 

14 

52 

14 

31 

14 

11 

13 

50 

15 

16 

11 

55 

14 

34 

14 

14 

15 

55 

15 

34 

15 

13 

14 

52 

16 

37 

16 

16 

15 

55 

15 

35 

16 

37 

16 

16 

15 

56 

15 

35 

17 

28 

17 
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46 
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17 

35 

17 
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TABLE XLV. 275 

For finding the Time most advantageous for observing the Altitude of tin 
Sun or a Star, in order to ascertain the Apparent Time. 



































































































































276 TABLE XLVI. 

For finding the Altitude of the Sun or a Star most advantageous for 
ascertaining the Apparent Time. 































































































TABLE XLVI. 277 

For finding the Altitude of the Sun or a Star most advantageous for 
ascertaining the Apparent Time. 

Declination of the same name with the Latitude. 
aL 26° I 28° j 30° I 32° L 34° I 36° I 38° I 40° I 42° I 44° I 46° i 60° 



r Q i 



Lat* 

2< 


0 

0 


0 

0 


1 

2 


2 

4 


3 

6 


4 

9 


5 

11 


6 

13 


7 

16 


8 

18 


9 

20 


10 

23~ 


11 

25 


12 

28 


13 

30 


14 

33 


15 

36 


16 

38 


17 

41 


18 

44 


19 

47 


W 

51 


21 

54 


22 

58 


23 

63 


21 

68 


25 

74 


20 

90 


27 

74 


28 

69 


29 

64 


30 

61 


31 

58 


32 

55 


o/O to i o 

0 0 0 0 0 0 0 


i.o » o / o 


1 

37 

1 

S3 

1 

30 

1 

26 

1 

23 

1 

21 

3 

15 

3 

7 

2 

59 

2 

53 

2 

47 

2 

42 

4 

53 

4 

40 

4 

29 

4 

19 

4 

10 

4 

2 

6 

31 

6 

14 

5 

59 

5 

46 

5 

34 

5 

23 

8 

8 

7 

48 

7 

29 

7 

12 

6 

58 

6 

44 

9 

47 

9 

22 

8 

59 

8 

39 

8 

21 

8 

5 

11 

25 

10 

56 

10 

SO 

10 

0 

9 

45 

9 

26 

13 

4j 

12 

30 

12 

0 

11 

33 

11 

9 

10 

48 


10 16 15 15 2GI14 43114 


1 12 34 12 
2013 58 13 
57 15 23 14 
25 16 48 16 
54 18 13 17 
23 19 39 19 
53 21 5 20 

23 22 32 21 
53 23 59 23 
25|25 26 24 
57 2 6 5 5 25 


9 11 47 
3115 (i 
53 14 25 

15 15 45 
37 17 6 

0 18 25 

23 19 45 

46 21 5 

10 22 26 
34 23 47 
59 25 9 

24 26 31 
50 27 54 

16 29 17 
43 30 40 
11 32 4 
40 33 29 

9 34 54 
39 36 21 
11 37 48 
43 39 16 



50 

34 

54 

37 

48 

40 

45 

43 

46 

46 

53 

50 

7 

53 

29 

57 

3 

60 

52 

65 

4 

52 

33 

48 

36 

34 

39 

23 

42 

16 

45 

12 

18 

14 

51 

23 

54 

40 

58 

7 

61 

50 

54 

32 

49 

35 

28 

38 

10 

40 

55 

43 

43 

16 

36 

19 

33 

52 

37 

55 

4 b 

59 

10 

56 

31 

55 

34 

30 

37 

6 

39 

44 

12 

25 

45 

9 

47 

57 

50 

50 

53 

49 

56 

55 

58 

;si 

8 

33 

37 

36 

8 

38 

40 

II 

15 

43 

IS 

16 

33 

49 

17 

52 

6 

55 

0 

60 

30 

25 

32 

50 

35 

16 

37 

44 

40 

13 

42 

45 

45 

19 

47 

5 ft 

50 

36 

58 

20 

62 

29 

16 

32 

7 

34 

30 

M 

53 

39 

18 

41 

44 

44 

13 

16 

43 

49 

17 

51 

53 

64 

[29 

nl 

31 

30 

33 

48 

36 

8 

38 

2840 

51 

43 

14 

45 

40 

48 

7 

50 

37 

66 

128 

41 

30 

55 

33 

11 

35 

27 

37 

45 

40 

3 

42 

22 

11 

13 

17 

6 

49 

30 

68 

128 

13! 

30 

26 

32 

38 

34 

51 

37 

6 

'39 

SO 

41 

36 

43 

53 

46 

12 

IS 

31 

70 

’27 

48 

29 

59 

32 

9 

M 

20 

36 

31 

P8 

43 

10 

56 

13 

10 

45 

24 

47 

40 


57 90 0. 

34 76 25 
43 71 14 
41 67 81 
12 64 36 
6 62 12 
19 60 11 
47 58 28 
26 56 59 
16 55 43 
16 54 361 


























































278 TABLE XL VII. 

Logarithms for finding the Correction to reduce the Moon's Declination 
or Right Ascension to any Time under the Meridian of Greenwich. 

Sec. MINUTES OF AN HOUR OR A DEGREE. Sec. 

or ______ or 

''Oil 2 3 4 5 6 7 8 9 10 | 11 * 

0 |1.7782 1.4771 1.30101.1761 1.0792 0000 9331 8751 8239 7782 “7368 “IT 

1 3.5563 1.77101.4735 1.2986 1.17431.0777 9988 9320 8742 8231 7774 7361 1 

2 3.2553 1.7639 1.4699 1.2962 1.1725 1.0763 9976 9310 8733 8223 7767 7354 8 

3 3.0792 1.75701.4664 1.2939 1.1707 1.0749 9964 9300 8724 8215 7760 7348 3 

| 4 2.95421.7501 1.4629 1.2915 1.16891.0734 9952 9289 8715 8207 7753 7341 4 

1 5 2.8573 1.7434 1.4594 1.2891 1 1671 1.0720 9940 9279 8706 8199 7745 7335 5 

6 2.77821.7368 1.45591.2868 1 1654 1.0706 9928 9269 8697 8191 7738 7328 6 

7 2.71121.73021.4525 1.2845 1.1636 1.0692 9916 9259 8688 8183 7731 7322 7 

8 2.6532 1.72381.4491 1.2821 1.16191.0678 9905 9249 8679 8175 7724 7315 8 

9 2.6021 1.7175 1.4457 1.2798 1.1601 1.0663 9893 9238 8670 8167 7717 7309 9 

I ]0 2.55631.71121.4424 1.2775 1.1584 1 0649 9881 9228 8661 8159 7710 7302 10 


1 11 2.51491 

12 2.4771 1 

13 2.4424 1 

14 2.4102 1 

15 2 3802 1 

16 2,35221 

17 2.32591 

18 2.3010 1 

19 2.2775'I 
. 20 2.2553 1 
{IT 2.2341 1 

22 2.2139 1 

23 2.19461 

24 2.1761 1 
25 2.1584 1 

| 26 2.14131 

27 2.1249 1 

28 2.1091 1 

29 2.09391 

30 2.07921 
3T2L06491 

32 2.0512 1 

33 2.03781 

34 2.0248 1 

35 2.0122 1 
36 2 0000 1 

37 1.9881 1 

38 1.9765 1 

39 1.9652 1 

40 1.9542 1 


41 1.9435 1 

42 1.9331 1 

43 1.9228 1 

44 1.9128 1 

45 1.9031 1 

46 1.8935 1 

47 1.88421 

48 1.87511 

49 1.8661 1 

50 1.85731 

51 1.84871 

52 1.8403 1 

53 1.83201 

54 1.82391 

55 1.8159,1 

56 1.8081 1 

57 1.8004 1 

58 1.79291 

59 1.7855 1 

60 1.77821 


1.70501.4390 
1.69901.4357 
1.6930 1.4325 
1.6871 1.4292 
1.68121.4260 
1.6755 1.4228 
1.66981.4196 
1.6642 1.4165 
1.65871.4133 
1.65321.4102 
1.64781.4071 
1.6425 1.4040 
1.63721.4010 
1.63201.3979 
1.6269 1.3949 
1 62181.3919 
1.6168 1.3890 
1.61181.3860 
1.6069 1.3831 
1.6021 1.3802 
1.5973 1.3773 
1.5925 1.3745 
1.5878 1.3716 
1,5832 1.3688 
1.5786 1.3660 
1.5740! 1.3632 
1.5695 1.3604 
1 565111.3576 
1.560711,3549 
1.5563; 1.3522 


1.55201.3495 
1-5477 1.3468 
1.5435 1.3441 
15393 1.3415 
1.5351 1.3388 
1.5310 1.3362 
1.5269 1,3336 
1 5229 1.3310 
1.5189 1.3284 
1.5149 1.3259 


1.2753 1 
1.2730 1 
1.2707 1 
1.2685 l 
1.2663 1 
1.26401 
1.26181 
1-2590 1 
1.2574 l 
1.2553 1 

1.2531 r 
1.2510 1 
1.2488 1, 
1.2467 1. 
1.21 15 1. 
1.2424 1. 
1.210.3 1 
1.23821. 
1.2362 1. 
1.2341 1. 
172320 7 
1.23001. 
1.22791. 
1.22591. 
1.2239 L 
1.2218 1. 
1.21981. 
1.21781. 
1.2159 1, 
1.2139 1, 
1.2119 1 
1.2099 1 
1.2080 1 
1.2061 1, 
1.2041 1, 
1.2022 1 
1.20031 
1.1984 1 
1.1965 1 
1.1946 1 


.1566 1.0635 
.1549 1.0621 
.1532 1.0608 
.1515 1.0594 
.1498 1.0580 
.1481 1 0566 
.1464 1.0552 
.1447 1.0539 
.14301.0525 
.1413 1.0512 
.1397 1.0498 
.13801.0484 
.1363 1.0471 
.1347 1 0458 
,1331 1.0444 
.1314 1.0431 
.12981 0418 
1282 1.0404 
,1266 1 0391 
,12491.0378 
1233 1.0365 ' 
,1217 1.0352 
,1201 1.0339 
1186 1.0326 
11701.0313 
1154 1.0300 
,1138 1.0287 
11231.0274 
,11071.0261 
.1091 1.0248 


.1076 1.0235 
.1061 1.0223 
.1045 1.0210 
.10301.0197 
.1015 1.0185 
.09991.0172 
.0984 1.0160 
.09691.0147 
.0954 1.0135 
.0939 1.0122 


11.3183 1.: 
11.3158 1.1 
11.3133 1 1 
n .3108 1.1 
1.1.3083 1.’ 
L 1.3059 1.1 
1 1 .3034 1 J 
LllJOlOjl. 


7296 11 
7289 12 
7283 13 
7276 14 
7270 15 
7264 16 
7257 17 
7251 18 
7244 19 
7238 20 
7232 21 
7225 22 
7219 23 
7212 24 
7206 25 
7200 26 
7193 27 
7187 28 
7181 29 
7175 30 
71 

7162 32 
7156 33 
7149 34 
7143 35 
7137 36 
7131 37 
7124 38 
7118 39 
711 


7106 41 
7100 42 
7093 43 
7087 44 
7081 45 
7075 46 
7069 47 
7063 48 
7057 49 
7050 50 
7044 51 
7038 52 
7032 53 
7026 54 
7020 55 
7014 56 
7008 57 
i 7002 58 
' 6996 59 
I 6990 60 


1.7853V 
1.7782 l.*.k 


y Google 
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282 TABLE XLVII. 

Logarithms for finding the Correction to reduce the Moon's Declination 
or Right Ascension to any Time under the Meridian of Greenwich. 





5 

0962 

6 

0960 

7 

0959 

8 

0957 

9 

0956 

10 

ON i 

11 

0953 

12 

0951 

13 

0950 

14 

0948 

15 

0947 

16 

0945 


]8 0942 

19 0941 

20 0939 
"21“ 0938 

22 0936 

23 0935 

24 0933 

25 0932 

26 0930 

27 0929 

28 0927 

29 0926 

30 0924 



41 0908 

42 0906 

43 0905 

44 0903 

45 0902 

46 0900 

47 0899 

48 0897 

49 0896 

50 0894 


0023 41 

0022 42 
0021 43 

0019 44 
0018 45 
0017 46 
0016 47 
0015 48 
0013 49 
0012 50 


0011 51 

0010 52 
000S 53 
0007 54 
0006 55 
0005 56 
0004 57 
0002 58 
0001 59 

0000 60 


[iKliTil 






























































































































































































284 TABLE L. 

To correct the Auxiliary Angle when a Planet is observed—Additive. 


Planet's | Planet's Horizontal Parallax. 

App. Alt. I 1"| 3"| 6"| 7"| 9Hll''|jy'|15 # '|I7''!l»"!2l 


A up. Ah. 


4 4 4 4 4 4 4 4 4 5 5 


8 " 

8 " 

8 " 

8 " 

8 " 

8 " 

6 

6 

6 

6 

6 1 

6 


3 3 3 3 3 3 3 

2 2 2 2 2 3 3 


3 3 3 3 3 4 4 

2 3 3 3 3 3 3 


22222233333 
1 1222223333 
1 1 122222333 
1 1 1 1 2 2 2 2 3 3 3 
1 1 1 1 2 2 2 2 3 3 3 


2 2 
2 2 
2 2 
2 
3 
3 



4 4 5 5 5 6 

4 5 5 5 5 6 

5 15 6 6 6 6 7 

5 | 5 6 7 7 7 8 

6 7 7 8 8 8 

6 7 7 8 8 9 

7 8 8 9 10 10 

7 8 8 9 10 11 

8 9 10 11 11 12 




TABLE LI. 

To reduce the Equation op Time to any Time under the 
Meridian of Greenwich. 

DAILY VAHIATION. 

I 2s I 4s I 6s I 8s I 10s I 12s I 14s I 16s I 18s I 20a I 22s i 24s726* ~~ 28s 



SSSSSSSSSt: SSS83S3 































































































































TABLE LIL 2 

Logarithms for computing the Equation of Equal Altitudes. 


Log. A* Lag. B. 


7.7146 

7.7143 

7.7189 

7.7136 

7.7189 

7.7198 

77196 

7.7191 

7.7117 

7.7113 


99 7.7817 
94 7.7319 
96 7.7821 


































































































































































































28tf TABLE LIII. 

For converting Foreign Measures into English feet or fathoms, 
and the contrary. 

EnrlUh I Preach I |8|>.ni.h| I I E*"; |s-edUh| *gF I I 






29 

11 

34 

90 

33 

45 

28 

73 

25 

83 

33 

39 

30 

11 

31 

84 

27 

19 

32 

63 

27 

.05 

30 

05 

36 

03 

34 

53 

29 

65 

26 

67 

34 

47 

31 

08 

32 

86 

28 

07 

33 

68 

27 

.93 

30 

99 

37 

15 

35 

61 

30 

58 

27 

50 

35 

54 

32 

06 

33 

89 

28 

95 

34 

.74 

28 

.80 

31 

93 

38 

28 

36 

99 

31 

51 

28 

33 

36 

62 

33 

03 

34 

92 

29 

82 

35 

79 

29 

.67 

32 

87 

39 

40 

37 

77 

32 

43 

29 

17 

37 

69 

34 

00 

35 

95 

30 

70 

36 

84 

30 

.54 

33 

80 

40 

53 

38 

84 

33 

36 

30 

00 

38 

77 

34 

97 

36 

97 

31 

58 

37 

89 

31 

42 

34 

74 

41 

65 

39 

98 

34 

29 

80 

84 

39 

85 

35 

94 

38 

00 

32 

46 

38 

95 

32 

.29 

35 

G8 

42 

.78 

41 

00 

35 

21 

31 

67 

40 

93 

36 

92 

39 

03 

S3 

33 

40 

00 

33 

.16 

30 

98 

43 

99 

42 

08 

36 

.14 

32 

50 

42 

00 

37 

89 

40 

05 

34 

21 

41 

05 

34 

.04 

37 

56 

46 

03 

43 

.16 

37 

.07 

33 

.33 

43 

08 

38 

86 

41 

08 

35 

09 

42 

11 

34 

91 

38' 


~46* 

Aii 

44 

.24 

37 

.99 

34 

A7 

44 

.16 

39 

.83 

42. 

rn 

~35~ 

i97 

43 

.16 

35* 

.78 

39 

.44 

47 

.99 

45 

.32 

38, 

.98 

35 

.00 

45 

.24 

40 

.80 

43 

.14 

36 

84 

44, 

.21 

36. 

.65 

40, 

.38 

48 

.42 

46 

.40 

39 

.84 

35 

.83 

46 

.31 

41 

.77 

44 

16 

37 

.72 

45 

.26 

37. 

53 

41 

.32 

49 

.54 

47 

.48 

40 

.77 

36 

.67 

47 

.39 

42 

.75 

45 

19 

38, 

.60 

46. 

.32 

38. 

.40 

42, 

.26 

50 

.67 

48, 

.55 

41 

.70 

37 

.50 

48, 

.47 

43, 

.71 

46 

.22 

39. 

47 

47, 

.37 

39. 

27 

43, 

.19 

51 

.79 

49 

.63 

42 

.G3 

38, 

.33 

49 

.54 

44 

.69 

47 

.25 

40. 

35 

48. 

42 

40. 

14 

44 

.13 

52 

.92 

50 

.71 

43 

.55 

39. 

,17 

50 

.62 

45, 

.66 

48 

.27 

41. 

.23 

49, 

,47 

41. 

02 

45 

.07 

54 

.05 

51 

.79 

44 

.48 

40, 

.00 

51 

.69 

46. 

.63 

49 

.30 

42. 

11 

50. 

.52 

41. 

89 

46, 

.01 

55 

.17 

52 

.87 

45 

.41 

40. 

,83 

52 

.77 

47, 

.60 

50 

.33 

42 

,9h 

51. 

,58 

42. 

76 

40, 

.95 

56 

.30 

53 

.95 

46 

.34 

41 

.67 

53 

.85 

48, 

.58 

51. 

.36 

43 

86 

52 

63 

43. 

64 







































































































































































































































388 TABLE LIV. 

For finding the exact Greenwich Time, corresponding to the true 
Lunar Distance. 


Approximate_ Difference of the proportional Logarithm in the Almanac. 

Interval. ||*|s|4|S|6|7 8 | 9 110 | J0| SO 1401 SO I 


h. m. h. 

0 0 3 
0 10 3 

3 40 


0 30 3 30 
0 40 3 30 
0 50 3 10 



10300 1 11 1 33388 6 8 

1 10 1500 1111 1 3 3 3 3 3 6 | 9 

1 30 1 40 I 11(1 1 333336 

130 1 301 lllil 3 3 333 3 6 


33 25 

34 37 
25 38181 

35 38 31 


TABLE LV. 

To reduce the Moon’s Horizontal Parallax and Sbmidiakbter to 
any Time under the Meridian of Greenwich. 


Greenwich Time after Noon or Midnight. 























































































TABLE LVI. 289 

LATITUDES and LONGITUDES 

Of the p r i n ci p al Ports, Harbours, Capes, Shoals, Bocks, <fcc. in the World, 
founded on several thousand Observations made by the most emi nent 
Astronomers and Navigators, compared with the latest and most 
accurate Charts and Surveys; to which is occasionally added the 
Variation of the Compass. 


The Longitudes are reckoned from the Meridian of Greenwich. 



O o 


Digitized by Google 
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TABLE LVI. 

LATITUDES and LONGITUDES. 
























































































TABLE LVI. 

LATITUDES and LONGITUDES. 


Ord Head . , 
Tarbett Ness . 
Cromartie' . . 

Inverness . • 
Fort St. George 
Burgh Head . 
Cousy Point . 


Kinnaird’s Head . 
Ratrie Head . . 
Peter Head . . • 
Buchan Ness Light 
Far. 28° W. 
Newburgh . . • 
New Aberdeen, obs. 
.^Girdleness . . . 

* Stonehaven • • • 

| Tod Head . . . 

\S Montrose Ness . 

,/Red Head • . . 

J Arbroath . . . 

| Button Ness and Lts 

* Dundee .... 
Inch Cape Light, o 

J Bell Hock . . 

^ St. Andrew’s Church 
Fife Ness . . . 
Elie Ness . . • 
Kinghorn Ness 
Inchcolm ... 
EDINBURGH, CoU 
Leith Pier • . • 
Var. 27o 45 / w. 

Inch Keith Light. 

Fidra. 

North Berwick, Law 
May I. and Light 
Var . 28° 15 # W. 

The Bass Rock . 
Dunbar .... 
St. Abb’s Head • 
Eyemouth • . . 


Berwick .... 
Holy Island Castle 
Bamburgh Castle • 
Staples Light . . 

■w Fern I. Light . . 

£ Sunderland Point. 
Coquet Island, 

— Tower . . . 

Tynemouth Light 
«• Sunderland Light. 

§ Hartlepool Church 
Hirer Tees, entrance 
m Stockton . . . 

§ Whitby ...» 
Scarborough . • 

Filey Brig . . . 

Flambro* Head Light 
Var. 25° W. 1828. 
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TABLE LVI. 

LATITUDES and LONGITUDES. 
































































TABLE LVI. 

LATITUDES and LONGITUDES. 


Lat. N. Lon. E. 


Vigten Isles, 

— So roe . . . 

Halten Isles, middle 
Froyen, S. W. end 
Dronthf.im . • . 

*§ For. 22° 30' W. 

-2 Griboeme, middle 
f'Christiansund . . 

** Lingvan Fiord, entr. 
"S Haaevaer Sund, entr. 
® Nogva Fiord, entr. 

gMolde. 

v. Rondoe Lighthouse 
^Stadt Land, N.W.Pt 
^»Froe Soen, entrance 
«>Tempa Bank, mid. 

2 Bueland, N. W. end . 
£ Aspo I., N. end . . 
Uclver Isles . . . 

Blomoe. 

Bergen Castle . . 
Var. 24° 45' W. 

Kors Fiord, entrance 

Fugloe. 

Selboe Fiord, entr. . 
Bommel-oe, S. end . 
Skudesnaes Light 
^Hviddings-oe Light . 
g Stavanger .... 
| Var. 2 points W. 

< Jedderen Reef . . 

Lister Land, W, Pt. 
Markoe Light . . . 
Linde races orNAZE Lt. 
Var. 22° 30 # W 


64 44 30 10 50 0 
64 11 0 9 22 0 
63 40 30 8 16 0 
63 25 5010 23 25 


63 14 0 
63 7 0 
62 57 0 
62 52 0 
62 43 0 

62 44 0 
62 24 30 
62 11 30 
61 41 30 
61 27 0 

61 17 30 
61 13 0 
61 2 0 
60 32 0 
60 24 0 


7 34 0 
7 42 0 

6 47 0 

6 26 0 
6 10 0 

7 8 30 

5 35 30 
5 7 30 

4 49 0 
4 31 0 
4 37 0 

4 46 0 
4 32 0 

4 54 30 

5 20 0 


60 8 30 5 1 0 

60 l 0 5 2 0 

59 57 0 5 2 0 

59 35 0 5 13 0 

59 8 40 5 19 0 

59 3 50 5 24 30 

58 58 30 5 45 0 

58 45 40 5 29 0 

58 5 40 6 36 0 

57 59 0 0 59 0 

57 57 50 7 3 15 


IV. The CATTEGAT and SOUND. 


Skagen or Scaw Light 57 43 44 10 37 30 

Fladstrand . . . .57 27 3 10 33 15 

Saebye.57 20 2 10 33 9 

--Aalborg . . • . .57 2 32 9 56 41 

J Grenaae.56 24 57 10 53 69 

^ Aarhuus.56 9 35 10 14 6 

Apenrade . • • .55 ^ 57 9 26 38 

Flensborg . . . .54 47 18 9 27 40 

Sleswick . • • . 54 31 27 9 33 57 


Stromstad . . . .58 
Saloe Light .... 58 
Paternosters,S.W.end 57 
Marstrand Light . . 57 
Gothenburg • . .57 
Wingoe Beacon . .57 

Vanguard Shoal . . 57 

Tislerne.57 

Niddingen Lights .57 
gWarberg ... .57 

•g Falkenberg . . . .56 

§ Halmstad . . , .56 

^ Laholm.56 

Hollands Wadero, 
—South end . . .56 

Engelholm . . . .56 
Roll Light .... 56 
Helsingborg . . .56 

Landskrona . . . .55 
Lunden, Obs. . . .55 

Malmo.55 

Falsterbo Light . . 55 

Steffen’s Head Light 55 
Kioge .... 55 
COPENHAGEN obs. 55 
. Var. 19o W. 

*§ Elsineur . , . .56 
*2 Cronborg Castle & Lt. 56 
^ Nakke Head Lights . 56 
Nykiobing ... .55 
Callundborg . . .55 

Corsoer.55 

VVordingborg . . .55 

ftj Huen I. Uranienberg 55 
■ts Amag Island, Drago . 55 
§ Hasson Island . . .56 

•g Sproe Island Light . 55 
I Moen I. Speil Cliff . 54 
Falsterl.Geedesbye 
^ or Trindelen Light . 54 
gAnholt Light . . .56 
£ Great Middle Ground 56 
3* Little Middle Ground 56 
^ Lessoe, East end . . 57 

**1—West end . . .57 

•3 Trindelen Rock . . 57 


58 56 011 15 0 

58 21 011 15 30 

57 53 3011 28 0 

57 53 51 11 36 0 

57 42 411 57 45 
57 38 1311 37 40 
57 32 3011 39 0 
57 31 011 44 0 
57 18 30 11 55 0 

57 6 18 12 16 0 

56 54 3012 30 0 

56 39 45 12 51 45 
56 32 3813 0 45 

56 26 0 12 35 0 

56 14 20 12 54 0 

56 18 312 27 32 
56 2 55 12 43 0 
55 52 27 12 50 46 
55 42 26 13 12 27 
55 36 37 13 1 19 

55 23 8 12 49 17 

55 17 3012 27 0 
55 27 40 12 11 0 

55 41 4 12 35 6 

56 2 17 12 37 0 

56 2 2212 37 40 
56 7 0 12 21 0 

55 65 0 11 40 30 
55 40 54 11 6 18 

55 19 3011 9 30 
55 0 30 11 56 0 


54 38 12 42 59 
36 012 41 0 

11 4611 42 30 
20 010 59 0 
58 0 12 33 44 

34 1611 59 0 
44 2011 39 50 
34 012 5 0 
57 20 11 59 0 
19 0 11 11 30 
16 010 53 0 

25 30 11 15 0 


Lindernas orNaziLt. 
Mandal . . . • . 
Fleckeroe Haven • . 
Christians and . . . 

Arendal. 

»»Oster Risoer , . % 
| Krageroe .... 
S Friderichsvaern . . 

^ Faerder Light . . . 

Fulehuk Light. . . 

Agero Fort .... 
Christiania . . . 

Friderickstad . . . 


V. The BALTIC. 

Fyen, Odense . . . 55 23 30 10 24 0 

— Fyen Head . . .55 37 0 10 38 0 

.— Knudes Head . .55 17 40 10 52 0 

^ Langeland, N. end .55 20 0 10 57 0 

-5— S. end, Light . .54 44 0 10 44 0 

•% — Rudkiobing . .54 56 30 10 44 0 

g /Eroe, Kiobing . . 54 53 0 10 25 0 

qAlsen, Sonderborg .54 54 59 9 48 20 
Laaland, Naskoi . . 54 50 0 11 10 0 

Falster, Nyekiohing .54 46 011 53 30 
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(IS) Places. 


Hango Beacon . . 
Abo Great Church 
Uto Lighthouse • 

Enskar Light . • 
Srartklubben Light 
Oskaret Light . . 

Gefle. 

2 Soderhamn . . . 

Bremon, N. end . 
'S Hernosand . . . 

03 Gadden Light . . 
^Tornea . . . . 

ijUleaborg . . . 

Brahestad . . . 

Ny Carleby . . 

Wasa. 

Christinestad . . 


Lat. N. Lon. £. 


Lat. N. Lon. E. 



































































































'orth Coast if France. 


table lvi. 

LATITUDES and LONGITUDES. 
I Lat. N. I Lon. Vi. If (16) Places. 


UtK'.ILon.^. 


Sercq,orSarkI.,S.end49 25 25 3 S3 38 

j -"c’g^ . h * ; u « 

-St.Aubin . . .49 13 16 3 II 0 

— St. Haliers . . •« 18 ° 2 6 50 

- 8. E. Point, Tower 19 10 57 2 2 36 

— N.E. Pt„ LaConpe 19 15 6 8 8 20 

Chausej Island . . 48 62 28 1 60 80 

- - 3 • 49 13 15 1 35 15 


Roches Bonnes 
I. of R% Light 
— St. a, 

Rochelle . . 
Rochefort . * 


.46 16 Q 
.46 14 49 1 81* 

w 12 n 

.40' 9 21 I «» 
.15 56 10 * mi 


3 6 50 RocHWonT , , . 

2 2 36 Oleron Island, Tower 46 2 51 I *4 11 

2 2 20 Aix Island . *. . .46 T } JJ -}} 


St. Germain . . • 49 lo 
Coutances . . • .49 2 
Granville • • • .48 60 
Avranche . • • .48 41 
Mount St. Michael . 48 38 
Pontorson • • . .48 M 

CancaUe.48 40 

St. Malo ... .4829 
La Conch&e . . . 48 41 

Dinant.48 27 

^ Cape Frehel Light . 48 41 
St. Brieu . . • . 48 SI 
Brehat Island . . .48 60 
Tregueir • • . .48 46 

Morlaix.48 34 

St. Pol de Leon . .48 40 
Blanche Rock . . .49 1 26 
Isle define. . . .48 46 15| 


49 2 64 1 26 23 
48 60 16 1 36 0 
48 41 23 1 21 32 
48 38 11 1 30 67 
48 33 18 1 31 17 
48 40 40 1 51 IS 
48 39 32 1 11 
48 41 42 2 83 


.48 41 10 2 18 36 
. 48 31 2 2 43 56 
.48 50 6 2 55 S3 
. 48 46 54 3 13 34 


Cordouan Light . 
Bordeaux • . • 

Cape Feret . ; • 
Bayonne • • • 

St. Jean de Lux • 
Fuentarabia . . 

Port Passages, ent. 
St. Sebastian • . 

Cape Machichaco. 
Bilbao .... 
Portngalete . . 

Santona .... 
Santander . . . 

. Cape Hoyambre . 


.48 34 50 3 63 21 Cape Prieto 

.48 40 65 3 69 61 £*Cape de Mar 

149 1 26 3 57 46 v. Cape Lastres 

148 46 15 4 1 45 * Gijon . . 


isie ae bob . • • ~ _ 

St. Anthony’s Lights <8 40 10 4 28 4*1 |Cape Pen*. 
Usha*t Ltinr . .48 28 8 6 2 « OCapeBusto 
For. to- *0* W. It Ribadeo. en 


, entrance 


_ * £ Cape Burela . . 

B.~t .48 25 14 4 28 45 “Port Viyero, entr. 

St. Matthew’s Light. 48 19 54 4 45 59 | Port de U Eataca . 
Point Res . . . .48 0 45 4 47 81 ° Cape Ortigai. . 


Saints Rocks ... 48 6 
Point L'Abbb • • . 47 48 
Quimper . • . . 47 58 

Glenan Islands • . 47 44 
Quimperiay • . .47 51 
L'OrJent . . . .47 45 
. Var. 25° 27' W. 
sHennebon . • . .47 48 

P Poet Louis • • , 47 42 

£ Isle of Groais . . . 47 38 

*3 Quiberon, S. Pt. . 47 26 
£ Belle I„ N. end . .47 23 
I - S. end . . . .47 17 

^ Houat Island • • .47 23 
£ Hedio Island • • . 47 20 
XAurai.47 40 


.48 6 5 6 4 45 
.47 48 40 4 11 46 
.47 58 29 4 6 45 
.47 44 30 4 0 5 


17 61 53 3 38 30 
17 45 11 3 21 2 


.47 48 1 8 17 7 
. 47 42 47 3 20 69 
.47 88 4 8 26 8 
.47 26 30 8 8 45 
.47 23 0 3 13 45 
.47 17 17 8 4 45 


r Cape Prior . . . 
jS Ferrol, .ntrance to 
A Corunna Light 
Cisarms Islea . . 
Cape ViUano . . 

Capo Toriana . . 
Cape Finistarrk . 
Cape Corrobedo . 
Ona Island, N. pt. 

Vioo. 

R. Mino, entrance 


.' 16 55 15 1 M » 
.44 60 11 **»*• 
.44 41 0 Hill 
.45 29 15 1 »* 

. 45 22 SO 1 « H 
.48 21 55 11XB 
to 45 80 10 1 51M 
. 15 19 50 1 «* 

. 45 28 10 1 50 « 
.48 14 10 l«« 
.45 80 10 * 58 5> 
.48 56 50 5 1»» 
.48 88 50 5 59 SO 
.US 25 10 11* ■* 
.48 88 50 4 MO 
.US 29 40 1 SIL1 


,45 42 16 5 1511 
.48 5« 0 *»* * 

. 18 84 44 « 59 50 

. 45 41 50 1 11 • 

.48 45 45 TO** 
.48 47 50 TO" 
.48 44 40 7 500, 
.45 54 15 0159 

.15 28 0 81S« 
.18 28 80 »0* 
.48 28 15 8«»| 
.18 11 20 »»* 
.48 8 0 9 IT 
.42 64 10 OOJ| 
.42 88 80 9 1» 
.42 84 80 8W • 
.42 IS 80 80®| 
.41 82 80 0 0 * I 


47 28 82 2 56 27 
47 20 46 2 62 16 
47 40 42 49 22 


|v.nne. .47 89 26 2 45 4 Ayeiro, enhance to . 

® Guiaande . . . .47 10 89 2 26 6 TJ Coimbra Obeerratory 

Croisic. 47 17 48 2 80 15 jfC.pe Mindego . . 

Paimbeuf . . . .47 17 16 2 0 61 |Figueir«. 

Nantes .47 IS 0 1 82 44 O.Fanlhao. . . . • 

Bonmeuf ... .47 2 28 1 61 0 ’S.Bnrhnp IaUnd . . 

LePilior . . • .47 2 82 2 21 5 | Cape C«bo«ro Ughl 

Noinnontier I.> S. Pt. 47 0 5 2 14 7 r l LubonRoc* Light _ 


Caminha . . • . 41 53 
Vi anna Castle • . . 41 49 

Villa de Conde . . 41 21 
Oporto, entrance to . 41 6 
Aveiro, entrance to . 40 38 
Coimbra Observatory 40 12 
: Cspe Mindego « . 40 11 
Figueira. • • . : 40 10 


1 $2 4* 9 44 J*j 

| 42 W 8 4* u ] 
1 21 20 *»« 
1 8 45 0* 

0 88 80 0«’ 
0 18 80 0»# 
0 11 50 0 « 

10 10 • * *1 ! 
19 89 10 0 * * 


^Barlings Island . . 39 24 4fl 
Cape Carboeiro Light 39 21 5J 
1 Lisbon Rock Light .18 46 3i 


SSwS* . . > 68 5-0 i 0 12 ®LISBONObeeirrtw 
Id. D’Veu, W. PointUo 42 26 2 1? 85 Cape^ichel Light 


St. Gilles • . 
Ssbles d’Olonne 
For. 25® 49 / |F. 


46 40 0 1 51 15 
40 29 52 1 46 60 


Setubsl or St«Ubes Ll 
C ape Sines • • . 
Odemira, Bar of .. 


mi 
18 28 54 »*J 
17 57 8* OS* 
17*9 •LiS-s 













TABLE LVI. 

LATITUDES and LONGITUDES. 


297 



IX. The North Side of the 
MEDITERRANEAN. 


GuBiLTil, 

— Europe Point • . 
Caller* Tower . • . 
Eetaponm • • • . 
Cape Morat • . . 
Malaga Light • • . 
Salobrina • . • . 
Corchona Castle ♦ . 
Adrs Fort • . • • 
Guardiaa ViejaeCast. 

Abneria. 

Cape de Gatt, 

— Coralletea Tower 
Mozacar Tower • . 
Cope Tower . . . 
d Cape Tinoaa . . . 

Cabthaoena, Ob*. . 
^Escombrera I. • . . 
*>Cape Palos • • . 
•5 Cape Cervera, 

| — Torre Visj* . . 
O Cape Santa Pole . . 
*3 Abcante. . * • . 
(3 Benidorme Tower * 

^ Cape Nao • • • . 

3 Cape St. Martin . • 
i C. St. Antonio Tower 
CQ 

C. Culler* Tower 
Valencia, Citj . , 
C. de Canet Tower « 

C. Oropesa Tower , 
Columbreta Islet . , 
Pensicola Point • , 
Port Alfaque, 

— Canal Tower • , 
Cape Tortoaa, 

— Buda Island • , 
Cape Salon. • • , 
Terragona ... 



Cape Groe Tower 
Barcelona, Mole 


CapeTosa . . . 
Palamo 8 , Pt. Grosa 
Cape St. Sebastian 
Medas Isles, S. end 
Cape Norfeo . , 
Cape de Creux 
Cape Server* . • 

Port Vend re . . 


Fort Leucate 
Narbonne • 
Fort Brecon 


Cette Light . • 
Montpellier, Obs.. 
Aiguemortes Light 
St. Marie . . . 
Month of the Rhone, 
— St. Louis Tower 

Foa. 

^ C. Couronne . . 

| Marseilles, Obs. • 
g Planier Island Ught 
Cape Roux . . . 
^Cassis Mole . • 

*3 Bandol Castle . . 

X Cape Sicie . • • 

^ Toulon .... 

Giens Castle . • 

2 Hjeres Islands, 

50 — Porquerolles, 

Fort Langoustier 
— Port cross, 

— Gabiniere Rock 
— Titan, E. point 
Cape Taillat • . 
St. Tropes • . . 


River Var, entr. 


^ Villa Franca Light 
jg Monaco .... 

25 Cape St. Martin • 
> Ventimiglia Point 
■g Cape St. Remo . 

1 Cape del Armi . 

^ Port Maurizio, Mole 

2 Cape Oneglia . . 

•5!C. de la Melle . . 

Gallinara Island . 

'< Finale Church . . 
Cape Noli • . . 


1 37 3 

2 10 38 
2 23 30 

2 53 58 

3 8 38 
3 8 8 
3 9 23 
8 12 88 
3 15 48 
3 9 0 

3 5 57 

2 58 23 
2-64 50 

3 5 10 
3 0 55 
8 30 36 
3 28 15 
3 41 11 

3 52 46 

4 11 31 
4 24 0 

4 47 50 

4 54 40 

5 1 65 

5 22 15 
5 13 80 
5 20 0 

5 83 0 

6 45 30 
6 60 15 
6 55 40 
6 7 26 


6 22 40 
6 30 6 
6 39 10 
6 40 10 

6 44 20 

7 0 15 


7 7 30 
48 34 40] 7 7 50 
48 30 60 7 10 10 


43 41 20 
48 40 18 
43 40 40 
48 43 30 
43 44 20 
43 47 30 
43 49 30 
43 64 49 
43 66 10 

43 58 10 

44 2 15 
44 10 50 
14 11 0 


7 16 49 
7 19 37 
7 26 18 
7 S3 20 
7 42 36 
7 49 53 
7 53 68 

7 69 36 

8 8 0 

8 11 5 

8 13 20 
8 19 15 
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Black Sea. Sea of Azof. Crimea. _ BlackSea. 







































































































TABLE LVI. 

LATITUDES and LONGITUDES. 


(915) Plaoei. 


El Amh, Port . . 
Damietta • . . 

CAIRO. . 
Hosetta . . , . 

R.Aboukir, Tower . 
£Axiyandria, Light 
— Point Eunostoa 
Var. 10° 55* W. 
Arabs Tower . . 
Ras ml Kanais 
Ishailoo Rocks. . 

Tifmrb Rocks . . 
Salloame . . . 

Cape Lnlro or 
Ras al Milhr • . 
Toubrouk , . . 
Bomba, Tank Point 
— Bhnrda Island 
Fir. 14® 55» IF. 
Cape Raaatin • • 


Cyrene, Theatre . 
Cape Razat . . 
Pt. Tolometa, Old T 
Tenkera . . . 
Bengasi, Castle • 
K ark ora, Rook 


Gharra Island 
Mates Braiga 


Beshaifa Island 
Lincoln . . . 


Boosaida 

Shaiwsha 


Lat* N. Lon. E. 


Ras al Hamra . 
Tajoura Point » 
Tripoli, Castle 
For. Ifl® 85' W. 
Old Tripoli, Fort 


Jerba L, Zug Castle 


Karkenna Islands 
— Kusba Island 


Herklah . . . . 

Hammamet . . 

Kalibia . . . . 
Cape Bon, N. Pt. 
Zembra Island mid 
Cape Zaphran . 
Goletta, entr. . 
Tunis, City 
.3 Cape Carthage 
5 Pt. Farina . . 

C Piana Island . 
Cane Rocks 
Cape Zibeib 
Bizerta, Mole . 
Cape Bianco . 
Cape Serrat 
Galita Island . 
Sorelli Rocks . 


Cape Ross • 
Cape Marerm 
Bona, Town 
Ras Shailonk 
Ras Hadeed or 
Cape Ferro • 
Ras al Frigana 


10 SO 0 

10 S8 SO 

11 8 SO 
11 2 25 
10 48 SO 
10 86 0 
10 16 SO 
10 6 15 
10 10 45 
10 14 SO 
10 18 0 
10 S 0 
10 0 SO 

0 49 20 
9 48 0 
9 9 SO 
8 54 0 
8 87 0 
8 55 0 
8 42 80 

8 12 50 
7 50 0 
7 48 20 
7 SS 6 

7 11 15 
6 28 45 
6 47 0 
5 9 40 
5 2 SO 

4 14 15 

5 58 15 
S 12 0 
S 1 20 


1 21 0 
0 56 0 
0 27 0 
West 
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TABLE LVI. 

LATITUDES and LONGITUDES, 


g Benin River, N. Pt. 

£ Ramos R., entr. . . 
3a Cape Formosa • . . 

NewCalebarR.,W.Pt 
Old Calebar River, 

— Tom Shot’s Point. 
• Cameroon R., 

f — South East Pt. • . 

„ Cape St. John • . . 
"■ Coriaoo Island • . . 
Cape Esterias • . . 
Gaboon R., Pt. Clara 

Nazareth River . . 
Cape Lopes . . . 
For. 19° 8' IF. 

' Cape St. Catharine . 
o Setteh River, entr. . 
? Point Pedros . . . 


5 

43 

0 

5 

5 

30 

4 

21 

0 


i 5 MftjiuDbt Bty e • 

H Far. 21° 4' IF. 

Loengo River, entr. . 
River Congo, 

4 — Cape Padron . . 

*>Ambnz Bay . . . 

| £ Dande Point . . . 
St. Paul de Loando . 
Cape Ledo .... 
Nova Redonda . . 
StPhilip de Benguela, 
— Fort ..... 
Salinas . . . . . 
Elephant Bay, Friars 
Cape Mary, Pillar . 
Cape Maltha . . . 
Far. 22® IF. 

Little Fish Bay, 

— Brown’s Point. . 
Cape Negro . . . 
Port Alexander . . 

d Great Fish Bay, 

C — Tiger Island,N.Pt. 
^Cape Frio . . . . 
^Cape Cross. • . . 
Z Walwich Bay, 

5 — Pelican Point . . 

0 Hollams Bird Island . 
at Angra Pequena • . 
« Possession I., S. Pt. 
S Orange River . • 

Cape Voltas . • 
For. 29® IF.- 
Olephant River, entr 
Cape Donkin . . 
Cape Deseada . • 

St. Helena Bay, 

— Paternoster Point 
Saldanha Bay, N. Pt 
Point Isaer. . . . 
Dassen Island . . 
Back Point. . . . 
Robben Island 


Table Bay, 

— Cape Town, Obs 33 
— Green Point,Light 33 
k Far. 2S® IF. 

£ — Devils Peak . . 33 

Cape op Good Hope . 34 
| — Bellows Rock . . 34 

(3 False Bay, 

> — Simons Bay,D.Yd 34 
— Whittle Rock . . 34 
o — Seal Islands . . 34 

J — Anvil Rock . . 34 
FalseCapeor Hangklip 34 
Far. 28® 10' IF. 


55 1 2 18 23 35 
53 10 18 19 14 

57 12 18 21 19 

22 0jl8 24 21 

23 4b 18 24 SO 


11 1818 21 • 
16 3018 29 • 
8 48 18 30 10 

22 40 18 26 4 

23 48 18 45 0 


XIV. ISLANDS, ROCKS and SHOALS is 
the NORTH ATLANTIC OCEAN, isd 
SOUTH ATLANTIC or SOUTHERN 
OCEAN. 


Lioo’s Bank . . . 

Rockal. 

Aitkin’s Rock 1 . . 

Brazil Rock . . . 
Chapelle Bank 1 . . 
Devil’s Rocks. . . 
Negre’s Rocks, about 
Isle Verte, abt . . 
Greeve’s l^edge, abt. 
Amplimont Rocks 1 . 
Perseus’ Shoal. . 
Hervagaults Breakers 
Three Chimneys 1 
Gough’s Rocks 1 . . 
Watson’s Rock . . 
Whale Rock . . . 

Eight Stones, N.Part ? 
St. Mary’s Bank, abt 
Josyna Rock • . . 
Tulloch’s Rocks . . 
Breton's Rock, abt 
Hume’s Bank • • 
Rocks eastward o 
Bermudas 1 abt 
Bermudas I., Town 
Far. 3® IF. 

- Wreck Hill. . 

— North Rock. . 
Ashton Rock . . 
Mourand’s Bank • 
Inglefield Bank 


57 39 32 
55 19 6 
51 10 0 

47 37 0 

46 36 0 

48 7 0 

44 52 0 
44 15 0 
42 30 • 
41 3 0 

41 2 0 

47 64 0 
40 28 0 
40 18 0 

38 46 0 

34 60 0 

35 53 « 
31 40 C 
37 27 4 

39 40 « 
39 0 8 


12 15 20)1 

12 29 ON 

13 48 50p 

14 34 0M 
19 42 OH 


Corvo, South Point . 39 41 1 
£ Flores, Pt Delgada .39 33 1 
5 Far. 18® 30* IF. 

£ Fayal, S E. point. . 38 SO l: 
£ Pico, summit of Peak 38 26 
« St. George, S. E. Pt 38 29 
e Graciosa, S. E. Pt .39 0 
■Jj Terceira. Brazil Alt .,38 $8 ! 


13131 « • 

T '*! 

lias a n■ 
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(17) PlaCM. 

Lat. 

N. 

LonAV. | 

(38) Places. 

Lat N. 

Lon. W. 


0 



Q ' 

# 


0 

• 

0 

ota 

Terceira, Angra • . 

38 

30 

0 

27 14 

0 

St. Nicholu, W. Pt. . 

16 

38 

0 

2ft 30 0 

St. Michael, 





1 

— Monte Gorda • . 

16 

87 

50 

24 23 50 

— Pt Delgado, City 

37 

45 

10 25 41 

so 

— East Point . . . 

16 

34 

30 

24 3 0 

— Pt. Ferreria • . 

37 

54 

16 25 65 

30 

— South Point * . . 

16 

28 

30 

2ft 22 0 

For. 25° 0' IF. 






Sal or Salt I., N. Pt. 

16 

51 

20 

22 68 30 

— Pt. de la Marqueaa 

37 

48 

10;25 10 

20 

— Mordeira Bay . . 

16 

41 

30 

23 3 0 

Fonnigas, or Ants 

37 

16 

5024 64 

18! 

For. 14° W IF. 





St. Mary, Town • . 

36 

58 

0 25 12 

S3! 

— South Point . . 

16 

34 

15 

23 0 0 

- 8. W. Point. . . 

36 

57 

3125 14 

is! 

Bonavista, N. W. Pt. 

16 

IS 

20 

22 50 40 

— S. E Point . . . 

36 

66 

47 

25 6 

0 

— North East Point 

16 

11 

0 

22 46 30 

— 





1 

d — New Town . . . 

16 

7 

0 

22 50 30 

Porto Santo, Town . 

S3 

2 

54 

16 18 

48 

i — South Point . . 

15 

57 

0 

22 52 40 

F*r. 23° 30' W. 





| 

*3 Leton Rocks . . . 

15 

48 

0 

23 13 0 

Madeira, E Point 

32 

43 

50 

16 38 

2 

Mayo, N. Point . . 

16 

10 

0 

23 16 0 

d — Funchal, Fort . . 

32 

37 

4216 65 

so 1 

■p — English Road . , 

15 

7 

SO 

23 17 0 

1 Far. SI* IF. 





| k* — South Point . . 

15 

6 

40 

23 14 0 

•j — West Point. • . . 

32 

40 

017 14 

30 

*St. Jago, N. Point 

15 

19 

30 

23 49 30 

s — Brasen Head . . 

32 

37 

18.16 61 

42 

§*— East Point . . . 

15 

0 

30 

23 20 0 

Desertas, 






^ — Porto Praya . . 

14 

63 

40 

23 34 0 

45 — North I., N end . 

32 

36 

3016 33 

0; 

-S.W. Point. . . 

14 

58 

30 

23 47 0 

4 — South 1., S. end . 

32 

28 

30 16 31 

18 

Fogo, N. Point . . 

15 

1 

15 

24 25 0 

^Salvages, Great . . 

30 

7 

54 15 54 

40| 

— Luz Town • . . 

14 

53 

0 

24 34 0 

— Great Piton . . 

30 

3 

3046 2 

30 

- Peak. 

14 

56 

0 

24 23 40 

— 






Brava, Road . . . 

14 

48 

0 

24 47 30 

Palma, N. Point . . 

28 

52 

SO 17 56 

30 

- - - 





— Sta Crus.... 

28 

43 

0il7 45 

°; 

Warley’s Shoal, abt . 

5 

4 

0 

21 25 0 

— Tasacorta . . . 

28 

38 

0 

17 57 

0 

French Shoal . • . 

4 

5 

0 

20 35 0 

Ferro, Valverde . . 

27 

47 

20 

17 56 

0 

Penedo de St. Pedro, 





— West Point. , • 

27 

44 

0 

18 0 

0 

or St. Paul's Rocks 

0 

55 

0 

29 16 0 

Corner*, Port . . . 

28 

5 

40 

17 7 

0 

Fernando Po, 




East 

TenerifFe, 





! 

— Cape Bullen . . 

3 

47 

15 

8 30 24 

— Sta. Crus, Mole . 

28 

28 

0 

16 15 

0 

— Point William • . 

3 

45 

86 

8 45 0 

. Far. SO® o' IF. 






— Cape Horatio . . 

3 

46 

9 

8 54 2ft 

■§ — South Point. . . 

28 

1 

0 

16 42 

0; 

— Cape Vidal . . . 

3 

39 

18 

8 56 20 

J - Peak. 

28 

16 

25 

16 30 

0 

— Cape Barrow . . 

3 

11 

30 

8 40 0 

*5 — Orotara . . , . 

28 

25 

0 

16 34 

0 

For. 24° O' IF. 





{^Canary, 





l 

— Cape Eden . . . 

3 

16 

30 

8 25 5 

• — Islets, or N.E. Pt. 

28 

13 

0 15 24 

0 

— Cape Badgley . . 

3 

19 

42 

8 24 40 

£ — West Point. , . 

>28 

1 

20 

15 60 

0 

— Charles’ Folly . . 

3 

26 

48 

8 27 40 

— South Point . . 

27 

45 

0 

16 97 

30 

— Goat Island, center 

3 

31 

0 

8 32 48 

Fuertarentura, 





l 

£ Prince’s Island, 





—Loboe Island . 

28 

45 

0 

13 40 

0 

j* — Fort St Antonio . 

1 

38 

0 

7 27 23 

— S.W. Point. . . 

28 

4 

0 

14 28 

50 

5 — The Brothers . . 

1 

23 

0 

7 10 48 

Lanzarota, 





|l ^5 St. Thomas’s Island, 





— South Point . . 

28 

51 

0 

IS 40 

©h 5 "" Man of War Bay . 

0 

27 

0 

6 44 42 

— Port de Naoe . . 

28 

58 

30 

13 33 

01 

South 


— N. E. Point . . 

20 

15 

0 

13 20 

0 

coAnnabona, Road . . 

1 

25 

0 

5 42 48 

Allegransa Island . . 

20 

25 

30 

13 31 

0 at 




West 

— 






_ Bouvet’s SandvI., abt. 

0 

23 

0 

19 10 0 

St. Antonio, N. Pt. . 

17 

12 

0 

25 0 

20 

* 8 Triton’s Bank*. • . 

0 

32 

0 

17 46 0 

— East Point • . . 

17 

6 

30 

26 2 

40 

Fernando de Noronha, 




— West Point. . . 

17 

4 

0 

96 95 

45,' ,3 — The Pyramid . . 

3 

66 20 

32 28 60 

„• — Tarafal Bay. . . 

16 

66 

48 

25 22 

SO 

•5 Roccas. 

3 

52 

12 33 20 0 

■g For. 15° W. 





I 

Blaesdale's Reef, abt. 

0 

57 

0 

41 22 0 

4 — South Point . . 

16 

55 

0 

26 22 

Oi 

Manoel Luis Rocks . 

0 

51 

26 

44 14 46 

■5 St. Y incent, 





1 

Vir. 0* 57 # E. 





■3 — Porto Grande • . 

16 

54 

0 

25 4 

0 

Sylva’s Rocks . . . 

0 

32 

0 

44 17 20 

> St. Lucea, N. Point . 

16 

40 

0 

94 50 

86 

Trinidad, S. E. Point 

20 

31 

0 

29 19 0 

^ — East Point . . . 

16 

46 

0 

24 45 

0 

Far. 5° IF? 





5.Branca, center . . . 

16 

40 

0 

24 44 

0 

Martin Vaa Rocks 

20 

20 24 

28 51 24 

0 Haza, K. Point • . 

16 

38 

0 

24 38 

SO 

Laurel’s Shoal . . . 

86 

28 

0 

51 30 0 

St. Nicholas, N. Pt. . 

16 

42 

0 

24 2ft 

20! 

Ascension 1 , Flagstaff 

7 

65 

56 

14 23 50 
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TABLE LVI. 

LATITUDES and LONGITUDES. 



Digitized by Google 
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LATITUDES and LONGITUDES. 


(45) Place*. 

Lat. N. 

Lon. E. 

(46) Places. 

Lat. N. 

Lon. E. 


• • * 

0 ' * 


0 

• 

H 

0 t 


Seir Abonaid . . . 

26 14 0 

54 22 0 

Anje-dwa • • . . 

14 

44 

0 

74 12 30 

Raa Luffan . . . . 

25 54 30 

51 36 0 

Meijee River . . . 

14 

30 

0 

74 24 

30 

Raa-el-All arch . . 

25 0 0 

51 38 30 

Onore. 

14 

16 

0 

74 34 

0 

Jezurnb-ain-Lasaart . 

24 46 0 

51 37 0 

Fortified Island . . 

14 

19 

0 

74 29 

0 

Raa Boogmais . . . 

24 34 30 

51 31 0 

Pigeon Island . • . 

14 

2 80 

74 27 

0 

. Goodwin’s Islands 

24 35 0 

51 43 0, 

Barcelore, Peak . . 

13 

50 

0 

74 55 

0 

*2 Yassaret Islands . . 

24 14 0 

51 58 0 

• St. Mary’s Rocks, 






S Ras-el-Machereeb . 

24 17 0 

51 45 0 1 

3 — Largest .... 

13 

31 

0 

74 40 

0 

^Jibbub Hadwareah 

24 12 0 

52 47 0 

<5 Premeira Rocks . . 

13 

11 

0 

74 47 

0 

^Stanner’s Shoal,N.end 

24 40 0 

53 17 0 1 

u Mangalore . • , . 

12 

50 SO 

75 4 

0 

Mount Jibbul Alii 

25 2 0 

65 14 0; 

Mount Dilly . . . 

11 

69 

0 

76 27 

0 

(J Abothubbee . . . 

24 29 0 

54 32 0 

Cananore .... 

11 

61 

0 

75 37 

0 

* Debai. 

25 16 30 

55 24 45 

Tillicherry . • . . 

11 

44 

0 

76 45 

0 

~ Sharga. 

25 21 45 

55 29 is! 

Sacrifice Rock . . . 

11 

30 

0 

76 47 

0 

s’Aymaun. 

25 25 15 

55 33 0 

Calient . . . . 

11 

16 

0 

76 2 

16 

Amulgawein . . 

25 35 15 

55 41 45 

Chitwa, Church . . 

10 

33 

0 

76 17 

0 

$ Red Island, Town 

25 43 0 

55 55 15 

Cochin. 

9 

57 30 

76 26 

0 

§ Ras-el-Khyma . . 

25 48 15 

56 4 15 

Qnilon. 

8 

51 

30 

76 46 30 

2 Raomps ..... 

25 53 0 

56 8 30 

Anjenja Roads . . 

8 

39 25 

76 68 

0 

w Shaum, Towers . . 

26 2 0 

56 11 15 

Caps Comorin . . 

8 

4 

0 

77 41 

30 

^ Book ha Point . . . 

26 9 30 

56 14 15 

Manapar Point . . 

8 

22 

0 

78 18 30 

Cape Jedda or Yeddu 

26 13 45 

50 16 30 

Punnecoil . . . . 

8 

41 

0 

78 18 

0 

Raa Sheik Mumoud . 

26 16 15 

50 19 0 

Point Calymere . . 

10 

18 30 

79 67 

0 

Perforated Rock . . 

26 23 54 

56 27 32 

Negapatam, Fort . . 

10 

45 

30 

79 65 

0 

Great Quoin . . . 

26 30 25 

SO S4 90 

Five White Pagodas . 

10 

49 

0 

78 54 30 

Cape Musseldom . . 

26 23 45 

50 35 10 

Tranquebar. . • . 

11 

1 

30 

79 55 

0 

_ 



Devicotta . . . . 

11 

24 

0 

70 52 

0 

Cape Josk .... 

25 38 0 

58 10 0 

Porto Nova.... 

11 

31 

0 

79 49 

0 

Churbar. 

25 15 0|61 20 0 

Cuddalore . . . . 

11 

43 

0 

70 60 

0 

Cape Gwadur • . . 

25 4 0|63 12 0 

Pondicherry . . . 

11 

55 41 

79 53 45 

Cape Arubah . . .; 

25 7 0 65 24 0 

Sadras. 

12 

32 

0 

80 14 

0 

Cape Monze . . J 

24 51 0 66 50 0 

# Madras, 






Point Jigut. . . J 

22 20 0 69 16 0 

3 — Fort St. George 

13 

4 10 

80 21 

0 

Din Head . . . .' 

20 42 0^71 6 30 

3 K«r.0° 35’ E. 






Scarbett Island . . 

20 55 S0;71 43 30 

~ Pullicate, Flagstaff . 

13 

25 

0 

80 23 

16 

Cam bar ..... 

22 24 0 7 2 48 0 

1 Armegon . . . . 

13 

59 

0 

80 21 

0 

Surat, Castle . . . 21 11 073 2 34j 

§ Point Divy .... 

15 

69 

0 

81 15 

0 

Vanx’s Tomb . . . 21 4 80 72 48 441 

1 fMusilipatam • . . 

16 

11 

0 

81 12 

0 

Var. V W W. 


I 1 £ Point Gordewar . . 

16 

43 

0 

82 23 

0 

Damann ... 

20 22 073 2 45| 

^Coringa. 

10 

49 

0 

82 19 

0 

Omergon . . . . 

20 10 30 72 54 30 

Viaagnpatam • . . 

17 

42 30 

83 24 

0 

St. John’s High Land 20 3 0*72 49 0 

Bimliapntum . . . 

17 

53 

0 

83 34 

0 

Basseen Fort . 

19 19 0 72 55 211 Chicacole . . . . 

18 

12 

0 

83 68 

0 

Bombay, Flag Staff .18 55 48|72 54 241 

Ganjam. 

19 

22 30 

85 9 

0 

— Lighthouse . . 

18 53 45 

72 62 54! 

Jagernaut Pagoda 

10 

48 21 

85 46 

0 

Var. 1 « o' W. 



Black Pagoda . . . 

19 

52 15 

86 6 

0 

Henery & Kenery Is 

18 42 20 72 53 O' 

False Point. . . . 

20 

19 38 

86 50 

40 

Coullaba Island • 

18 37 20 72 56 SO 

Point Palmira* . . 

20 

41 

0 

87 11 

0 

Chaoul .... 

18 32 30 73 0 0 

Balusore River, ent. . 

21 

28 

0 

87 19 

0 

Bancoot .... 

17 56 4073 7 54 

Ingerlee Pagoda . . 

21 

44 

0 

88 2 

0 

Severndroog . . 

17 47 30 73 9 0 

Kedgeree . . . . 

21 

51 

0 

88 8 

0 

Dabul .... 

17 46 0 73 11 0 

Western Brace,S end 

21 

10 

0 

87 44 

0 

-g Zyghur Point . . 

17 16 0,73 14 30 

Western Sea Reef, 






§ Cieriah .... 

16 31 073 22 24 

— South end . . . 

20 

59 

0 

88 0 

0 

^ Angrin’s Bank, mid. 

16 28 0[72 7 0 

. Eastern Sea Reef, . 






b \ f ingorla Rocks . 

15 51 073 S3 0 

i *j3 — South end . . . 

20 

58 

0 

88 19 

0 

J Go*. 

15 28 20:73 58 30 

I g Red Reef Buoy . . 

21 

13 

0 

88 13 

0 

3| Algo ado Point 

15 29 30 73 48 39 

3Q Sanger Sand, S. end . 

21 

0 

0 

88 33 

0 

^ St. George’s Island 

15 22 0 73 48 0 

I Sauger Island, S. Pt 

21 

34 

0 

88 12 

0 

Cape Ramas . • 

15 5 074 1 0 

Mud Point . . • . 

21 

56 

0 

88 12 

0 

Ovster Rocks . . 

114 48 0(74 8 0 

' Calcuita, 






Carwar Head . . 

j 14 47 0 74 12 S0|| - Fort William . . 

22 

31 

38 

88 26 

50 
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(57) Place*. 


a 


| (58) Places. 

UtS. 

Lon. ] 

E. 


0 • 

a 

0 t 

0 

1 

0 • 

0 

0 • 

0 

Saddle Island . . . 

2 27 

0 

105 44 

0 

Sectary Point . .' 

5 59 

0 

107 27 

0 

South Anambas, 





Pamanoekan Point 

6 11 

0 

107 49 

0 

— Southern Island . 

2 18 

0 

106 12 

0 

. Indramay Point . 

6 15 

0 

108 20 

O 

Middle Anambas, 





2 Cheribon, Town . 

6 47 

0 

108 86 30 

— West Island . . 

3 9 

0 

105 37 

0 

— Mount . . . 

6 56 

0 

108 26 

0 

North Anambas, 





>T*R 8«1 .... 

6 50 

0 

109 14 

0 

^ — N. E. end . . . 

8 27 

0 

106 15 

0 

1 %»— Mount . . . 

7 22 

0 

109 19 

0 

eg Low or Separate I. . 

8 1 

0 

107 48 

0 

•2 Samarang . . . 

6 57 

0 

110 85 

0 

q North Haycock Island 

8 19 

0 

107 34 

0 

^2 Mandalique Island 

6 22 

0 

110 54 

0 

jjj Peaked Island . . . 

8 54 

0 107 58 

0 

t! Rembang . . . 

6 49 

0 

111 19 

0 

^ N. W. Island . . . 

4 7 

0 107 52 

0 

^Lassem, Hill . . 

6 41 

0 

111 28 

0 

v Pyramidal Rock . . 

4 8 

0,107 27 

0 

Lerang Point . . 

6 85 

0 

■11 37 30 

^ Saddle Island . . . 

4 81 

0107 44 

0 

Panka Point . . 

6 62 

0 

112 34 SO 

-2 North Natunas,N.end 

4 49 

0108 2 

0 

Sourabaya . . . 

7 15 

80 

112 48 

0 

* Great Natunas, 





Cape Sedano, E. Pt. 

7 49 

0 

114 24 

0 

p — East Point . . . 

8 58 

0108 26 

0 

Utrich, Fort . . 

8 16 

0 

114 17 

0 

^ — North Point • . 

4 18 

0108 14 

0 

Balambouang Bay 

8 23 

0 

114 18 

0 

s*S South^Natunas, 





. South East Point . 

8 46 

0 

114 34 

0 

— Flat Island . . . 

8 8 

0 108 54 

0 

gNusa Baron Island 

8 87 

0 

113 33 

0 

— West Island . . 

2 40 

0108 40 

0 

^Segara Wedi Bay 

8 25 

0 

111 43 80 

— East Island . . . 

2 40 

0 109 26 

0 

^Patchican Boy 

8 17 

0 

111 1 

K 

— South or High I. . 

2 20 

0109 12 

0 

Nusa Cambangan I., 





South Haycock Island 

2 It 

0,108 57 

0 

Sq— South W’est Point 

7 51 

0 

108 46 

0 

St. Pierre .... 

1 56 

0'l08 53 

0 

.< Chilantaran Point 

7 46 

0 

107 40 

0 

— 

South 



g Wine Cooper's Point 

7 27 

0 

100 28 

0 

Prince's Island, Peak 

6 85 

0105 15 

0 

qq Palambang Point. . 

6 69 

0 

105 16 

0 

Crocatoa, Peak . . 

6 8 

80 105 25 

30 

_ 





Pulo Basse.... 

5 57 

0105 28 SO 

Madura Island, 





Thwart the Way, 





-N. W. Point • . 

6 58 

0 

112 45 30 

« —N. E. Point. . . 

5 55 

30 

105 51 

0 

— N. E. Point . . 

6 53 

0 

US 58 SO 

| North Island . . . 

5 41 

0 

105 49 

01 

Pondy Island . • . 

7 1 

0 

114 4 

0 

c? Three Sisters . . . 

5 44 

0 

105 48 

0 

Four Brothers • . . 

7 8 

0 

115 0 

0 

^Button. 

5 58 

0 

105 55 

0 , 

Urk Island . . . . 

7 15 

0 

115 18 

0 

.-3 Cap. 

5 59 

40 105 55 

0 

1 Ksngelang Island, 





2 Pulo Baby, W. end . 

5 48 

0106 14 

0 

— North end . . . 

6 58 

0 

115 17 30 

>5 South Watcher . . 

5 41 

SO 106 43 

0 

— South end . • • 

7 9 

0 

115 25 

30 

North Watcher . . 

5 12 

30106 82 

0 

Antelope’s Is., mid. . 

7 11 

0 

115 50 

0 

Armuyden Bank . . 

5 IS 

80106 48 

0 

Hasting’s Island . . 

6 56 

0 

116 24 

0 

Brothers, N. end . . 

5 9 

30106 5 

0 

§ Bally Island, Peak . 

8 24 

0 

115 24 

0 

Brouwers Shoals . . 

5 5 

0:106 15 

0 ij* — S. or Table Point. 

8 50 

0 

115 10 

0 

Bumkin Island . . 

5 47 

0108 28 

O il For. I® 12 ' E. 





Pulo Rackit . . . 

5 56 

0108 22 

°1 

- N. E. Point • . 

8 18 

0 

115 43 

0 

£ Carimon Java Islands, 





^Bally Strait, N. ent. . 

8 6 

0 

114 22 

0 

Sj — Peak. 

6 50 

0110 34 

o’ 

3 Lora bock Island, 





a Lubec Island, mid. • 

5 49 

0jU2 48 

0 

3- Isles off N.W. Pt. 

8 13 

0 

115 59 

0 

§ Arrogant Shoal . -. 

5 12 

0113 0 

0 

ft- Peak. 

8 21 

30 

116 26 

0 

^ Great Solombo, Hill . 

5 S3 

0114 28 

0 

£ — Bally, Town . . 

8 42 

30 

116 33 

0 

Little Solombo . . 

5 21 

0114 88 

0 

— Peeiou Village 

8 48 

0 

116 28 

0 

Arentes Island . . 

5 10 

0114 36 

0 

hjSumbaya Island, 





— 





— Alasa . . . . 

8 44 

0 

116 48 

0 

Java Head . . . . 

6 48 

0105 11 

0 

- Isles off N.W. Pt. 

8 21 

0 

116 57 

0 

First Point . . . . 

6 44 

0105 10 

0 

— Sumbawa, Town . 

8 27 

0 

117 24 

0 

$ Mew I., E. Point 

6 48 

0105 17 

0 

— Turabora Mount . 

8 9 

0 

117 43 

0 

Second Point . . . 

6 36 

OIOS 24 

0 

— Rocky Point . . 

8 8 

0 

118 86 

0 

v»Third Point . . . 

6 27 

0105 39 

0 

— Rugged Point. . 

8 11 

0 

118 61 

0 

Anger, Town . . . 

6 8 

30 

105 65 

0 

— Sapy, Town . . 

8 34 

0 

119 2 

0 

£ Bantam, or 





Gooning Apbe, Peak 

8 11 

0 

119 5 

0 

^St. Nicholas Point . 

5 52 

0 

106 2 

0 

Comodo I., N. E. Pt. 

8 22 

ID 

119 37 80 

IT Bantam, Town • . 

6 2 

0106 9 

0 

Flores I., S. W. Pt. . 

8 50 

0 

119 45 

0 

^ Batavia, Obs. . . . 

6 9 

0,106 51 

45 

— Iron Cape,N.E.Pt. 

8 5 

0 

122 52 

0 

Edam Island . • . 

5 57 

0 106 58 

so 

Flores Strait, S. entr. 

8 40 

0 

123 3 

0 

Carawong Point . . 

6 1 

0,107 3 

0 

Solor Island, Fort. . 

8 27 

0 

123 22 

0 
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TABLE LVI. 

LATITUDES and LONGITUDES. 



E. | (61) Places. Let. S. Loo. E. 


Token B assays la., 

— Wangiwange, 
North end . • 

— Pirocko, S. end 
St Matthew’s Is. mid 
Velthoen's Island. 
Angelica Shoal • • 

Rosa Linguete . . 

Rosa Raji .... 
Bangalore Shoal . . 
Kalatoa Island. . . 

S. E. Schiedam • . 

N. W. Schiedam . . 
Salajer I., S. Point • 
— North Point . . 

South Island • . . 
Middle Island . • • 
North Island . . . 
Mansfield Shoal . .' 
©The Brill, S. end . J 
jFTanataki Island • . 
Tonrn Is., S. W. end 
De Laars or Boot, 

£ — South East end . 
^ Zslinoff Island . . . 
| Hen and Chickens 


5 Amsterdam Island 
jl Rotterdam Island . . 
Middleburg Island . 
Sibbald’s Bank . • 
Noesa Comba . . . 
Noesa Seros . . . 
Little Pulo Laut Is., 
— South end • • • 
Moresses .... 

Dwalder. 

Royal George Shoal . 
Two Brothers . . . 
Waller’s Shoal, S. end 
Laurel Shoal . . . 
Pulo Laut, S. Point . 
£ — North East Point. 
S — North Point . . 
2 Three Alike • . . 

Dutch Triangles • . 
•^Addington’s Shoal 
^Little Paternosters, 

’» — South Island . . 

5 — North East Island 
— North West Island 

North Watcher . J 


5 53 0118 26 
5 31 0|ll8 25 

5 88 0 117 54 
5 15 0117 54 
5 10 0 117 56 
5 5 0117 57 

5 46 0117 15 


2 50 0;il7 40 0 
2 10 0,117 58 0 
2 8 0 117 42 0 
North 

0 33 0110 34 0 


North Point ... 7 3 0116 43 0 

Sandakan Bay, | 

— Babalatoli Island . 5 54 0 118 6 0 

Unsang Point . . . 5 10 0'U9 0 0 

Kaneeoongan Point . 1 5 0119 10 0 


|jDondrekin I., S. Pt, 
4 Passeer River, entr. 
Ragged Point . . 


5 19 o;ii9 0 
1 5 0119 10 

South 

0 54 0117 30 
1 54 0 116 34 
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Percy Islands, N.end 21 29 0150 
Cape Palmerston . . 21 27 0 149 
Cape Hilsborough .20 53 40149 
Sir J. Smith’s Group, 

— Linne Peak . . 20 40 SO 149 
Shaw's Peak . . . 20 28 0149 

Penticost Island . . 20 23 10 148 

Repulse Bay, 

— Cape Conway . . 20 32 0 148 

Gloucester I., N. end 19 57 24 148 
Cape Gloucester . .20 1 50 148 

Cape Upstart . . . 19 41 50 147 

Cape Bowling Green 19 19 10 147 
Cape Cleveland • . 19 10 10 146 

Mount Elliot . . . 19 33 10 146 

Magnetic Island, mid. 19 7 30 146 
Palm Island, mid. . 18 43 5 146 
Point Hillock . . . 18 25 0 146 
Mount Hinchinbrook 18 21 30 146 
gCape Sandwich • . 18 13 20 146 
Double Point . . . 17 39 50 146 
Fitxroy I., S. W. end 16 55 21 145 
eCape Grafton . . .16 51 20145 

| Snapper Island . . 16 17 35 145 
*5 Endeavour R., entr. , 15 27 4 115 
gCape Bedford . . .15 16 19145 
fcC. Flattery, summit Jl4 52 30 145 
Lixard Island, summit 14 40 20145 
Cape Bowen, Peak . 14 34 30 144 
Point Barrow . . .14 24 0 144 

Cape Melville . . Jl4 9 30 144 

Cape Flinders . . .14 8 0 144 

Clack's Island . . .14 4 45 144 

Cape Sidmouth . . 13 24 20 143 
Night Island, N. end 13 8 0 143 
Cape Direction . . 12 51 30 143 

Cape Weymouth . . 12 37 15 143 

Fair Cape . . . . 12 25 0 143 

Cape Grenville • Jll 57 30 143 

Quoin Island . . . 12 24 0 148 

Forbes's Island . Jl2 16 35 143 
SirCh Hardy’s Is. Jll 53 20 143 
Bird Is., N. E. end Jll 44 16 142 
Orfordness . . . .Ill 18 30142 
Cairncross I., mid. Jll 13 30142 
Turtle Island . . JlO 54 0 142 
Albany Islands, Peak 10 43 45 142 

York Islands, 

— Mount Adolphus . 10 38 20 142 
Cape York . . . JlO 42 40142 
Endeavour Strait, | 

£ — Possession Islands 10 44 0 142 
£ Prince of Wales’s Is.,1 
— Horned Hill . JlO 36 35 142 
— Cape Cornwall . 10 45 45 142 
*** Wednesday Island, 

NorthPoint . .10 30 10142 
Wallis’s Island, mid. 10 51 0 142 

Booby Island, mid. . 10 36 0 141 
Alerts Shoal . . . 9 52 0140 
West Island . . . 10 21 0141 


# Hawkesbury Island . 10 23 0|142 5 0 

Spencer’s Island » .10 18 30142 4 30 

2 Mount Earnest . . 10 14 30 142 26 0 

33 Bank's Island, I 

3— Mount Augustus .10 11 30 142 14 30 
| Mulgrave’s Island, | 

t-« —North East Point . 10 4 0 142 8 0 

Jervis's Island, mid. 9 57 0.142 7 0 

Duythen’s Point • . 12 34 0141 37 0 

Pera Head . . . . 12 58 30 141 37 0 

Cape Keerweer • .13 57 o|l4l 30 0 

Siveer's Island . .17 8 15 139 44 52 

Allen’s I., S. E. end . 17 6 0 139 25 0 

Wellesleys Islands, | 

. — Bountiful Island . 16 41 0 139 59 0 
•S — Momington Island, 

,§ Cape Vandiemen .16 32 0 139 49 30 
j S Sir Ed. Pellew’s Is., 

| r — Cape Vanderlyn . 15 34 30 137 11 20 

;0 — Cape Pellew . .15 30 301137 5 0 

^Maria’s Island, N.Pt. 14 50 0,135 57 30 
S»Groote I., S. W. Pt. Jl4 15 0 136 30 0 
£ — South East Point .14 17 0;137 7 10 

— North Point • .13 37 0136 50 0 

— Central Hill . J13 56 45.136 46 30 

Bickerton’s I. summit 13 44 40136 19 15 
Cape Shield . . .13 1 9 45 136 28 0 
Cape Grey .... 13 1 0:136 47 0 
Mount Caledon . . 12 53 30.136 37 40 

Point Alexander . .12 50 o|l36 43 30 

Mount Alexander • .12/ t 40 0136 48 0 

CapeArnheim. • . )2 18 0137 5 0 

Melville’s Islands, I j 

s* — Great I., S. end .12 8 30 136 58 0 
cf Melville Bay, I 

^ — Point Dundas . .12 13 0136 46 0 

-cCape Wilberforce .111 62 0 136 36 0 

a Arnheim Bay, entr. .12 2 0136 9 0 

co Cunningham’s Island,! I 

2-South end - . Jll 44 0136 14 0 

^ Point Dale. . . .1136 o|l36 9 0 

Weasel’s Islands, 

— Cape Weasels . . 10 59 15 136 46 30 

Cape Stewart . . .11 50 0^134 48 0 

Liverpool River, I 

— Entrance Island . 11 57 o|lS4 14 50 
Point Braithwaite .11 45 50,133 55 20 
i Goulbum’s Islands, j 

-a — North East end . 11 26 0 133 26 0 

• J Cape Cockburn . Jll 18 0132 53 5 

5 Croker’s I., N. Pt. . 10 58 30 132 34 10 

> 3 Point Smith . . .11 6 45 132 12 30 

i gCape Don ... .11 19 30131 45 30 
^Alligator Rivers, 

— Field Island, mid. 12 6 0 132 25 10 
Melville Island, 

- Cape Gambier . . 11 56 0 130 55 0 

-Cape Keith . .11 39 0131 28 0 

— Cape Fleeming .11 12 0 131 22 0 
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TABLE LVI. 

LATITUDES and LONGITUDES. 


(75) Place*. Lit. S. Lon. E. 


(70) Plica*. 




































































TABLE LVI. 

LATITUDES and LONGITUDES. 
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TABLE LVI. 

LATITUDES and LONGITUDES. 



Helen's Shoal . 
Pulo Anna . . 
Pulo Mariere . 


2 55 30 131 37 30 
4 38 SO 132 3 30 
4 19 30 132 28 15|| 


St. Andrew’s Islands 5 20 0 132 16 0 
St. David’B Island . 0 55 0134 21 30 

Pellew Islands, 

— Babelthouap, E.Pt. 7 41 0134 55 0 
— Northernmost . .8 8 SO 134 50 0 

— Southernmost . . 6 53 SO 134 21 0 

Matelotas Is., N. end 8 41 0137 40 0 
— South end . . . 8 17 0 137 33 30 

Yap Island, S. end . 9 30 80 138 8 0 

Hunter’s Shoal . . 9 57 0136 10 0 

Mackenzie’s Is., mid. 10 6 0 139 40 0 
Phillip's Islands . . 8 6 0140 50 0 

I Kama Islands . . . 6 SO 0 143 0 0 

Wilson’s Islands . . 7 16 0144 48 0 

Faralis Island ... 9 2 0145 5 0 

Fire Islands . . . 7 82 0145 31 0 

Swedes Island . . 7 30 0146 28 0 

Haweis Islands 1 . . 7 30 0146 38 0 

Tucker's Island . . 7 22 0146 48 0 

| Pigali Island . . . 8 11 53147 40 10 

| St. Bartholomew’s I. 6 35 0 148 47 0 

Enderby or Kata Ib. 7 18 0 149 12 0 

Poulousouk Island . 6 40 0 140 23 0 

Martires Islands, 

g — Tamatam . . . 7 32 17 149 29 53 

3— Tanadick . . 7 34 18149 28 38 

— Olap . . . . 7 37 17 149 30 34 

^ Anonymous Island . 8 36 0150 21 0 

£ Hall’s Islands . . . 8 45 0152 0 0 

- Hogoleu Islands, 

Piso Island . . 7 42 35 151 49 15 

Givry Island . . 7 8 65 151 51 48 

Torres Island • . 7 20 0 151 28 0 

Easternmost I. . 7 33 0 151 59 0 
"J Somes' Island . . . 7 20 0151 14 0 

§ Royalist Island . .6 47 0152 8 0 

^D’Urville Island • . 7 6 18 152 36 52 
Reefs and Islands, 

— North East end . 8 45 0152 36 0 

— South West end . 8 28 0 152 6 0 

Mortlock’s Islands . 5 25 0153 25 0 

San Raphael's Island 7 18 0153 54 0 

Greenwich Island . 1 0 0 154 SO 0 

Bordelais© Island . • 7 39 0155 5 0 

Meabum’s Island . . 7 44 0155 18 0 

Montevarde Island • 3 27 30 155 48 0 

Raven or Valient's 

Island. 5 40 0157 40 0 

St. Augustin's Island 7 24 0158 2 0 

Ascension Island . . 6 53 0 158 53 0 

Musgxave Islands • . 6 15 0 159 15 0 

W ellington or 

Duperry’s Islands . 6 39 40159 49 3 

Me. Asgill’s Islands . 6 13 30 160 48 0 

Qualan Island • . . 5 21 30163 0 42 

Arrecifos Islands • . 9 31 0161 8 0 

Brown’s Range, 

— Parry's Island . . 11 21 0 162 52 0 


Ralick Islands, 

— Eschscholtz Is., 
West end . . .'11 
— Rimsky Korsakoff 
Islands, N. end .11 
— South West end .11 
— Pescadores l s., mid. 11 
— Catharine Island .i 9 
— Lydia Island . J 9 
— Margaret’s Island 8 
— Princess Island . 8 
— Musquillo Groupe, 
middle . . . J 7 
— Elmore Is , mid. .1 7 
— Bonham Is.S.E.end 6 
— Hunter's Island .1 5 
^ — Baring’s Islands J 5 
Boston Island . . 4 
■g Radack Islands, | 
J*— Dawson's Is., mid 11 
£ — Button’s or Kou- 1 
^ tousoff Islands, mid. 1 11 
£ — Krusenstern’s Is J 
North end . . .10 

g — New Year’s Island 10 
® — Terao Island . . 9 

** — Heiden Is., mid. J 9 
— Chatham Islands .1 9 
— Romanzoff Islands,! 

Port Noel . . J 9 
Var. 17° 55' E. 

— Calvert Islands, 

North West end . 8 
South East end . . 8 
— lbhetson’sIs.,mid. 8 
— Arrowsmith’s Is., 

about.7 

Daniel’s Islands . . 7 
Pedder’s Islands . J 7 
Mulgrave Is. S.E. end 5 
— North East end . 6 
— North West end . 6 
— South West end • 5 


40 0^165 21 25 

31 0.156 58 0 

8 20166 26 30 

19 121167 35 0 
14 O 166 32 0 

4 0 166 28 0 

52 0166 30 0 

20 O 167 30 0 

36 ojl68 16 0 
26 0168 SO 0 
0 O 169 49 2» 
46 0 169 0 

55 O 168 13 0 
45 0 168 10 0 


11 20^169 50 31 

27 15 ! I?0 • « 

8 30170 55 11 

58 0169 45 « 

61 30 169 13 C 

9 30470 24 4 

28 10.170 16 54 


54 20 170 49 01 
29 30 171 II 0 
18 40 17! 12 Q 

10 o'tri 0 • 

24 0 172 6 Oj 
10 0 171 54 61 
51 0'1?2 42 0! 

20 0172 30 • 

20 0172 4 • 
58 0 172 • • 


Charlotte's Islands . 
Pitt's Island, about . 
Matthew’s I., N. end 
Knoy's Is. S. end 
^ Marshall’s orGilbert's 
Island, mid. . . 
| Hall’s Island, N. end 
IS Woodle I., N. end . 
E — South end . . . 

^ Henderville Is., N.end 
£ — South end . # . 
t Phebe Island . . . 
ns Kingsmill’s Groupe, 
® — Dundas Island . 
Sydenham Is., N. end 
— South end . . 

— Druramodd’s I., 
North end . . 


1 55 0 172 55 
3 0 0174 30 

2 6 0173 27 

1 20 o!l 73 • 


1 16 15 
0 59 19 
0 16 0 
0 10 50* 
0 12 10 
0 5 50 
0 12 O' 
South 
0 15 0 
0 32 0 
0 47 0, 


173 4 30 I 
173 4 45 
173 27 13 j 
173 29 43 
173 43 * 

173 43 6 
176 50 • 

174 0 
174 24 
t l74 34 


1 1 9174 46 











TABLE LVI. 

LATITUDES and LONGITUDES. 
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(81) Places. 

Lat. 8. 

Lon. E. 

— Drummond’s Is. 


BHH 

South end . . . 

1 33 30 

175 10 50 

— Nautilus’ Reef . 

1 33 40 

175 5 0 

— Byron’s Island 

Jardines or Marshall’s 

1 18 0 
North 

177 45 0 

Island . . . 

21 40 0 

151 35 0 

Bennett’s Island . . 

24 19 0 

154 36 0 

Wakes Reef . . . 
Rico de Oro or 

33 0 0 

153 0 0 

Lot’s Wife . . . . 

29 51 0 

157 4 0 

Colonas Islands . . 

28 53 0 

162 0 0 

Decker’s Island . . 

23 24 0 

163 ff 0 

St. Bartholomew’s I. 

15 10 0 

163 43 0 

Halcyon Island . . 

19 23 0 

165 33 0 

Wake’s Island . . . 
Gasper Rico or 

19 0 0 

166 40 0 

| Cornwallis Islands 
• Crespo Island,or Roco 

14 30 0 

168 42 0 

1 de Plata .... 

32 46 0 

170 10 0 

Wake’s Rock . . . 

17 40 0 

172 40 0 

Patrocino Island . * 

28 9 0 

175 48 0 

Mellish’s Bank . . 

34 0 0 

178 18 0 

Gaspar Island . . . 

15 0 0 

176 18 0 

Massacbuset’s Islands 

22 28 0 

176 40 0 
West 

Ocean’s or Starer’s I. 

28 24 0 

178 42 0 

Curb Island . . . 

28 25 0 

178 25 0 

Barbas Island . . . 

Pearle and Hermes 

8 54 0 

178 0 0 

Bank. 

27 46 0 

176 0 0 

Krusenstern’s Rock . 

22 15 0 

175 47 0 

Lisiansky’s Island . 

26 3 0 

173 42 0 

Lassion’s Island . . 

26 6 0 

173 33 0 

Bunker Island . . . 

28 0 0 

173 30 0 

Maro’s Reef . . . 

Johnston’s or Smith’s 

25 28 0 

170 20 0 

Island. 

16 53 20 

169 31 30 

Two Brother’s Rocks 

24 14 0 

168 30 0 

Polland’B Island . . 

24 48 0 

168 0 0 

Allen’s Breakers . . 

25 0 0 

167 54 0 

Gardner’s Island . . 

25 3 0 

167 40 0 

Wilson’s Island . . 

19 21 0 

166 55 0 

French Frigate Shoal 
Malloon’s Island . . 

23 45 0 

165 50 0 

19 23 0 

165 23 0 

Necker Island • . . 

23 34 0 

164 32 0 

Bird’s Island . . . 

23 6 0 

161 52 0 

Tahoora Island . . 

21 39 0 

160 32 0 

Oneehou Island, S. Pt. 

21 46 30 

160 10 0 

• Oreehoua Island . . 

22 2 0 

160 7 0 

*3 Atooi Island, S. E. Pt 

21 51 0 

159 30 0 

5— West Point • . 

22 4 0 

159 50 0 

•3 — Whymea Road 

21 54 0 

159 41 45 

Woahoo Island, E. Pt. 

21 19 30 

157 40 0 

’§ — North Point . . 

21 43 0 

158 0 0 

*3 — Honorooroo Port . 
J Var, 10° O' E, 
v - Whymea Bay . . 

21 17 57 

157 50 0| 

21 88 0 

158 0 0 

— Whyteete Road . 

21 16 42 

157 47 0 

Morotoi Island, E. Pt.[21 9 0 

156 44 0 

Ranai Island,N.W.Pt. ; 20 58 30 

157 3 0| 



T 


(82) Places. 


Marokinni Island . 
Tahoorowa Island, 

— North East Point 
Mowee L, N. W. Ft 
. — East Point . . 

J — Rabeina Bay . 

_ Owhyhee or Hawaii I. 
*5 — North Point • 

— South Point • 

’§ — East Point . . 

*§ — Why tee or Byron’e 
jg Bay .... 

— Karakakoa Bay 
Var. 10° ip E. 

— Kowrooa Bay . 

— Toeaigh Bay . 

Palmyra Island • 
Prospect Island . 
Washington’s Island 
America Islands . 
Fanning's Island . 
Christmas or Noel I. 
Guadaloupe I., S. Pt 
Roca Pardora Island 
Misipi Island . . 
Alijos Rocks? . . 
Sta. Rosa Island . 
Shelvoes Island . 
Neublada? . . . 
Roca Partida . . 
Cloud’s Island . . 
Best's Island . . 
Socorro Island 
— Cornwallis Bay 
St. Berto Island . 
Passion Rock , • 
Clipperton Rock • 
Duncan’s Island • 
Cocos Island . . 
Malpello Island • 

Culpepper’s Island 
Wenman’s Island • 
Abingdon’s Island, 

— Nories* Rocks . 

— Cape Ibbetson . 

. — Chalmers’ Point 
■gBindlo Island, N. Pt 
J Euro Island. . . 

Albemarle Island, 

§ — Albemarle Point 
5p Cape Marshall. 
Cape Berkley . 

^ — Cape Barrington 
— Cape Woodford 
— Cape Rose . . 

— Cape Christopher 
James’ Island . . 

— Cape Stephens. 

— Cape Nepean . 



Digitized by 


Google r 
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TABLE LVI. 

LATITUDES and LONGITUDES, 










































































(85) Placet. 


TABLE LVI. 

LATITUDES and LONGITUDES. 


Lat. S. Lon. E. (86) Placet. 


Lat. S. Lon. E. 



7 66 0 160 28 0 

8 28 0 160 31 0 

9 8 0161 22 0 

9 48 0162 8 10 
10 12 0 162 0 0 

10 12 SO 161 22 0 
10 88 0 161 S2 0 
10 48 0161 50 0 

10 50 0162 22 0 

10 51 0162 28 0 

10 53 10 162 26 SO 

11 11 0 159 50 0 

11 88 0160 41 0 

12 20 0158 48 0 
12 6 0 160 84 0 

12 46 0160 42 0 
4 50 0155 15 0 
4 30 0156 30 0 
4 45 0157 0 0 

4 60 0156 49 0 

5 80 0159 20 0 

6 15 0159 14 0 
6 52 0161 0 0 
8 26 0 168 0 0 


10 11 0 165 87 0 
10 IS 0166 82 0 
9 57 0167 0 0 
10 24 0 166 45 0 


10 41 0166 4 80 
10 51 15 165 43 85 
10 64 0 165 60 0 
10 49 0166 2 0 
10 40 0 165 45 30 
10 49 0 166 1 0 


11 15 15 166 28 0 

11 22 0166 81 SO 

11 40 0166 45 0 

12 15 0169 50 0 
11 36 0170 20 0 

11 65 0170 0 0 

12 11 0172 0 0 

13 16 0 168 68 0 

IS 52 0169 4 0 

13 29 0167 62 0 

14 22 0168 8 0 

14 38 46 166 49 30 


Digitized by Google 
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TABLE LVI. 

LATITUDES and LONGITUDES. 



(91) Place*. 

Lat. S. 

Hi 

(92) Places. 

Lat. S. 

Lon. W. 


o / 

»! o 

• 

"1 


O ' 

* 


Solitary Island . . 

10 40 

0,174 43 

0 

Island .... 

6 45 

O 

160 48 0 

Independence or 



East 


Bauman’s Islands. 

11 64 

O 

155 10 0 

Ganges Island . . 

10 25 

0179 

0 

0 

Flint’s Island . . . 

10 30 

0 

153 « 0 

Mitchell’s Groups, 






Staver's Island • . 

10 4 

0 

151 50 0 

— Plaskett Island . 

9 18 

0,179 

50 

0 

Caroline’s Island . . 

9 57 

0 

150 25 0 

Ellice’s Group, 






Vasquez Island • . 

24 44 

0 

175 18 0 

— Escape Island • . 

8 29 

5179 

6 

0 

Savage Island . . . 

19 1 

0 

169 37 0 

De Peyster’s Groupe, 






Beveridge Reef . . 

19 56 

0 

167 30 0 

— South end . • . 

8 5 

0 178 

17 

0 

Palmerston Island • 

18 4 

0 

163 10 0 

Netherland Island . 

7 T 

0|177 

S3 

0 

Cook’s Islands, 




Island. 

7 25 

0179 

28 

0 

— Whylootacke . . 

18 54 

0 

159 41 0 

Larose Island, S. end 

7 19 

0176 

55 

0 

— Herrey’s Island . 

19 18 

0 

158 54 # 

Egg Islands . . . 

7 10 

0 177 

10 

0 

— Okatoolaiai Island 

19 51 

0 

158 23 0 

Snerson’s or Cocal I. 

6 1 48176 

27 

3 

— Mittiaro Island 

19 55 

0 

157 54 0 

Taswell’s or Saint 





1 

— Wateeo Island. . 

20 1 

0 

158 15 # 

Augustine Island . 

6 38 

0176 

9 

50 

— Mawti Island . . 

20 8 

0 

157 20 0 

Hope or Hurd Island 

2 50 

0177 

0 

0 

— Maliow ara Island . 

20 15 

0 

157 57 0 

Jesus Island . . . 

6 45 

0 171 

SO 

0 

— Rorotonga or 




Mattoelee or Kennedy 






Orurute Island . . 

21 30 

0 

160 0 0 

Island. 

8 40 

0168 

0 

0 

— Roxburgh Island . 

21 36 

0 

159 18 0 

Shank’s Island ? . . 

0 25 

0163 

0 

0 

— Mongeea Island . 

21 57 

0 

IS8 7 • 

Pleasant Island . . 

0 25 

0167 

10 

0 

- 




Ocean Island . . . 

0 48 

0169 

49 

01 

Island. 

26 0 

0 

160 59 • 

Doubtful Island . . 

3 10 

0170 

0 

0! 

Bellinghausen’slslam 

15 48 

0 

154 30 0 

Rote he’a Island . . 

2 32 

0176 

9 

0 

Scilly Islands . • . 

16 28 

0 

155 30 0 

Eliza’s Island . . . 

2 5 

0176 

0 

0 

Mopeelia Island • . 

16 46 

0 

154 8 0 

Arthur’s Island . . 

3 30 

0176 

0 

0 

Tabae Island, N. Pt.. 

16 11 

0 

151 48 0 

Island. 

2 50 

0170 

18 

0 

Maurua Island • • . 

16 25 

0 

152 8 20 




West 


Bolabola Island . . 

16 27 

0 

151 46 20 

Kemin Island . . . 

4 45 

0173 

40 

0 

Otaha Island • . . 

16 35 

0 

151 35 0 

Rock ...... 

5 38 

0172 

53 45 

. Ulieta Island, 




Island. 

3 41 

0'l72 

62 

0 

■g — Port Obamaneno . 

16 45 

32 

151 36 26 

Gardner’s Island . . 

4 30 

0174 

22 

o 

J Huahene Island, 




Mary Letitia’s Rock . 

4 46 

0173 

19 

0 

•3 — Port Owharre • . 

16 42 49 

151 7 36 

Dangerous Reef . . 

5 38 

0178 

33 

0 

^Saunders Island • . 

17 28 

0 

150 30 5# 

Elisabeth’s Island 

4 27 

0178 

21 

0 

•{J Eimeo Island, 




Sidney’s Islands . . 

4 28 

0171 

24 

0, 

4; — Port Talou . • . 

17 30 

0 

150 O 0 

Phenix Island . . . 

3 35 

0170 

40 

0 

Otaheite Island, 




Burney’s Island . . 

3 SO 

0171 

20 

0 

— Point Venus • . 

17 29 

12 

149 28 46 

Mary’s Island . . . 

2 45 

0 

172 

0 

0, 

For. 6° 50'£. 




Enderby’s Island . . 

3 6 

0 

171 

11 

o' 

— Oiatipeha Hr. . • 

17 46 28 

149 7 20 

Farmer's Island . . 

2 53 

0 

170 

46 

0 

Tethuroa Island • . 

17 6 

0 

149 33 35 

D. of York’s Island . 

8 33 

0 

172 

0 

0 

Mai tea or 




Duke of Clarence’s I. 

9 12 

0 

171 

SO 

0 

Osnaberg Island • . 

17 49 10 

148 3 20 

Quiroa Island ?. . . 

10 40 

0 

170 

6 

0 

_ 



! 

Island. 

6 34 

0 

166 

30 

0 

Peregrino Island • . 

14 42 

0 

151 42 tj 

Rock...... 

10 46 

0 

166 

6 

0 

Fugitive Island • . 

15 30 

0 

150 52 0 

Danger Islands • • 

10 15 

0 

165 

68 

0 

Recreation Island • . 

15 31 

0 

150 0 0‘ 

Suwarrow Islands. . 

13 20 

0 

163 

30 

0 

LazarofF Island • 

14 56 

0 

149 10 0 

Reirson’s Island . . 

10 6 

0 

160 

65 

0 

Krusenstem’s Islands 

15 0 

0 

148 45 36 

Humphrey's Island • 

10 83 

0 

161 

0 

o' 

. Matia Island . . . 

15 62 30 

148 18 SO 4 

Bennett’s Island . . 

8 54 

0 

159 

45 

0 

•3 Deans Islands,W. end 

15 O 

0 

148 27 SO* 

Jarris’s Island. . . 

0 24 

0 

159 

58 

0 

J — East End . • . 

16 16 30 

,147 12 Oi 

Piscado Island. . . 

10 36 

0 

159 

25 

0 

,* Labyrinth Island . . 

16 38 

0 

148 si o; 

Penrhyn’s Islands 

9 l 

80 

157 

34 30 

o Runck’s Is., W. end • 

15 20 

0 

146 57 0 

Far. 8* 88’ E. 






j — East End . . . 

16 20 

0 

146 35 33 

Starre Island . . . 

5 43 

0 

156 

SO 

o' 

King George’s Islands 




Starbuck Island . . 

5 58 30 

155 

68 

o! 

— Twokea • . • . 

14 37 

ol 

145 15 SOj 

Maldon Island. • • 

6 26 

0 

155 

50 

0 

— Oura. 

14 41 

0 

145 5 2*1 

Independence Island. 

4 10 

0 

154 

SO 

0 

Romanzoff Island • . 

14 67 

20 

144 28 3*| 

Bunker’s Rock. . . 

0 17 

0 

160 

40 

0 

Carlshoff Island • . 

16 27 

0 

K45 31 111 

Broke Island . . . 

1 IS 

0 

159 

so 

ol 

Elizabeth Island . . 

15 56 

0 

146 0 m 
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TABLE LVL 

LATITUDES and LONGITUDES. 


Lon. W. 


Palliser Island. . . 15 

Two Small Islands • 15 
Greig’s Island . • . 16 
Wittgenstein Islands, 

— North end ... 16 
Mjloradowi tchlsland, 

— North end ... 16 
Tchitchagoff Islands, 

— West end ... 16 
Sackin I., S. E. end . 16 
Adventure or 

Guarava Island . . 17 
Chain Island . . .17 

Philip's Island... 16 
Koutousoff Island. . 16 
Jermoeloff or Holt's I. 16 
Fourneaux Island . . 17 

St. Quintin’s Island . 17 
Bird Island.... 17 
Bunyer's Group . . 18 
Wolchonaky Island . 15 
Barclay de Tolly I. . 16 
Nigen Island ... 17 
Doubtful Island . . 17 
Two Groups ... 18 
Lostange I., E. Point 18 
Pr. Wm. Henry's I. . 19 
Resolution Island. .17 
Disappointment Is. . 14 
Dogs Isli 


Arackchiff Island . . 15 
Enterprise or 
Predpriatre Island. 15 
Moller or 

Freycinet’s Island, 

^ — North East Point. 17 
Bow Island .... 18 
Glocester Island . . 19 
Cumberland Island . 19 
Narcissus Island • . 17 

Island.16 

David Clerk’s Island 17 
fcThrum Cap Island . 18 
jjpLagoon Island . . .18 

«Egmont Island. . .19 

Charlotte’s Island 19 
Whitsun or Trinity I. 19 

Island.17 

Serle’s I., N.W.Pt. .18 
Minerva Island . . 18 
Tonnere I., S.E. Pt.. 18 

Remitara Island . . 22 
Ohetiroa Island . . 22 
Toobouai Island . . 23 
Vavitoo Island. • .23 
Oparo Island ... 27 
Bass Islands ... 27 
Glocester Islands . . 20 
Surrey Island . . .19 
St. Eimo Island . .21 

St. Michael's Island . 20 


34 25 146 
SO 0146 
11 0146 


52 0 144 
31 0|144 

4 0144 
26 0 145 
34 0 143 
86 0 143 
21 45 143 

5 0143 
20 0 143 
48 0 143 

12 0143 
52 0142 

13 0 142 

42 0142 
20 0142 

12 0142 

43 0 141 

13 50 141 
24 0141 

6 0 140 

50 0 138. 

51 0140 

58 15|l40 


20 0 3 
14 0 9 
29 Oj 
48 0 g 
38 Ofc 
17 0 


St. Panl's Island • . 19 
Margaret's Island. . 20 
Lagoon Island . . . 21 
Carysfort Island • . 20 
Osnaburg Island . . 22 
Duffs or High Island20 
Lord Hood’s Islands . 21 
Gambier's Islands . 23 
Crescent Island . . 23 

Washington Islands, 

— Fattouhou Island, 

N. E. Point ... 7 

— Hiaou I., S. Point 7 

— Mottuaity Island . 8 

— Noukahua Island, 
Point Martin . . 8 

| Point Anna Maria 8 
| Point Tchitchagoff 8 
[ — Ouahouga or 
I Washington Island, 

\ South Point... 8 
| — Ouapoa I., N. Pt 9 
| — Lincoln Island . . 9 
Marquesas, 

— Tetugoa Island . 9 

— OhevahoaI.,W.Pt. 9 
East Point ... 9 

— Taowatte Island, 
Resolution Bay . 9 

— Motane Island . . 9 

— Ohitaheooh or 
Magdalen Island . 10 


40 0145 0 0 
26 0143 24 0 
40 0140 30 0 
49 0138 S3 0 
0 0138 34 0 
30 0136 40 0 
36 0 135 27 0 
12 0135 0 0 
21 80134 30 o| 


50 0 140 6 0 
59 0140 13 0 
87 80 140 20 0 

57 0 139 32 80 
55 30 139 SO 45 
67 0 139 42 15 


58 15 139 18 0 
21 30 139 89 0 
29 80 139 83 30 

24 30 138 29 80 
44 0138 51 0 
42 0138 32 0 

65 30 138 50 10 
57 0138 32 0 

25 0138 28 0 


43 01140 37 
140 47 
11 0 140 15 

18 0 140 47 

25 0 139 15 
0 0 139 0 

19 0 138 30 

35 0 139 23 
46 0 139 3 

20 0 138 41 
16 0 138 15 

26 0 138 7 
0 0 138 0 

18 15 136 58 
22 0 136 45 
S3 0 136 14 

43 0152 3 

27 0150 46 
25 0149 23 
42 0147 11 

36 0 144 8 
40 0143 30 
38 0143 7 
56 0145 6 
20 0 143 50 

9 0 144 0 


St Juan Baptista I. . 24 0 0139 0 0 

0 Incarnation Island . 24 45 0 136 40 0 

0 Martha’s Island . .24 3 0 131 20 0 

0 Oeno or Bond's Island 23 57 0 131 5 0 

0 Pitcairn’s Island . .25 4 0130 25 0 

0 Henderson's Island . 24 21 0 128 30 0 

0 Elizabeth’s Island . 24 26 0 127 50 0 

0 Ducie's Low Island .24 36 0il24 36 0 

0 Easter I., Cook’s Bay 27 9 30109 25 20 

0 Salas y Gomez Island 26 26 15 105 34 30 

0 Pilgrim's Island . .24 40 0104 40 0 

0 St. Felix Island . . 26 20 15 80 10 0 

0 Ambrose Island . .26 20 0 79 51 0 

0 Var. IP 30' E. 

>5 I Juan Fernandez Is., 

0 - Afuera .... 33 49 0 80 34 0 

0 -Tierra,S.W. Point 33 45 0 78 51 43 

Peter the 1st Island .69 25 0 90 0 0 

0 Alexander the 1st I. 69 30 0 75 0 0 

15 

0 XXIII. The WEST COAST of AMERICA 
® from CAPE HORN to ICY CAPE. 


.165 68 SO 67 21 IS 


Cave Horn . . . . 55 58 

Var, 22° 30' E. 

Diego Ramirez Is. . 56 27. 
St. lldefonso Islands . 55 51 

















Chili 


TABLE LVL 

LATITUDES and LONGITUDES. 


dChristmas Sound, 

J— York Minster . .'55 
x, Gilbert Is., center J 55 
13 Cape Desolation . .154 
^ Cape Noir or Negro . 54 
Cspe Gloucester . . 54 
Cspe Pilar .... 52 
The Evangelists . . 52 
Cape Victory . . .52 
[ Cape Sta. Lucea . . 51 
Cape St. Jago ... 50 
For. 21°30*E. 

Cape Three Points . 49 
Cape Corso. . . .49 
j Guayanceo Is. N. Pt. 47 
! Cape Tres Montes . 40 
Lemus I., N. Point .45 
Gnajtecas Is., W. Pt/44 
Gusto Island, middle 44 
Chiloe Island, 

— Point Quelan . . 43 
Far. 16® E. 

— Castro .... 42 
— St. Carlos, Fort . 41 
Point Quedal ... 41 
Valdivia, Fort. . .39 
Mocha I., middle . . 38 
Sta Marial. N. W. Pt. 37 

Arauco.37 

Conception, City . . 36 
Port Conception, 

— Talcahuano. • .30 
^ Far. 15® 30' E, 

Itata Hirer, entrance 35 
Topocahna Shoal, mid. S3 
^St. Jago, City . . .33 
Valparaiso, 

— Rosario Castle. . 33 
^ For. 14® 43' E. 

Rio Limari, entrance 30 
| Pnnta de Lengua de 

I Baca.30 

Port Coqnimbo, 

— La Serena, Church 29 
Canaveral Island . .|29 
Port Gnasco, Outer 

I Rock.28 

Far. 13° 30' E. 

Copiapo, Hill ... 27 
Nostra Senora Bay, 

— North Point . .25 
George's Hill . . .'23 
Mexillones Hill . .{23 
Cobija.'22 


Tarapacs Hill . 
Iquique Island 
Pesagua Point. 
Arica, St. Mark 
Fur. 10® 25' E. 
Ilo ..... 
Mollendo • . 
Port Ilay . . 


12 0 71 0 0 

12 0 70 48 0 
31 0 70 34 0 

3 0 70 27 0 
29 30 70 0 0 
17 0 70 17 0 

13 15 70 13 0 

27 0 70 19 0 

28 35 70 16 0 

36 15 71 19 0 
2 15 71 54 0 
1 0172 0 15 


Quilca . «, . . . 
Pescadores . . . . 
Port Caballoe, 

— Point Nasca . • 
Infernal Rock . • . 
Mercedes Hill. • . 
Loo Amigos • • . 
Sangallan Island . . 

Pisco. 

Canete, Point Frayie 
Chilca Point . . . 
Morro Solar . . . 
Lorenzo I., N. Point. 
Callao, Castle • • . 
Fur. 10® 34' E. 

Lima, City . . . . 
The Hormigas or Ants 
Peecador Island • . 
Huauoa Point . . . 

Patibilea, Road • . 
Guarmay R., entr. . 
Santa Island . . . 
Gnanape Island . . 
Truxillo . . . . • 
La Campana Hill • . 
Malabrigo Point . . 
Pacasmayo Point. • 
• Cherrepe Hill • • • 
£ Eten Hill .... 

Lobos de Afiiera • . 
^Lobos de Tiem . . 
■jAguja Point . . . 
J Piura River . . . 
Payta Point • . • 
Parina Point . . . 
Cape Blanco . . . 
Picoe Point.... 
St. Clara Island . . 
Point Salinas . • . 
Guayaquil • • . . 
For. 9® 5' E. 

St. Elena Point . . 
Salango Island. . . 
Island de la Plata 
Cape St. Lorenzo . . 

Cape Pasado • • . 
Quito, City • • . 

Cape St. Francisco . 
Galera Point . . . 
Esmeraldas. . • . 
Point Mangles. • • 
Tumaco Island. . . 
Gallo Island • . . 
Point Guascama • . 
Gorgona Island 
Buenaventura Bay 
Magdalena Bay . 
Cbirambira Point. 
Cerro de Baudo . 
Cape Corrientes . 
St.FranciscoSolanoPt 


4 19 SO 81 
3 45 10 
3 IS 42 
3 4 0 
2 12 12 



ssse 


















































TABLE LVI. 

LATITUDES and LONGITUDES. 
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y Google 







































































































































































TABLE LVI. 

LATITUDES and LONGITUDES. 
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y Google 
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TABLE LVL 

LATITUDES and LONGITUDES. 








































































































































































































































































































TABLE LVI. 

LATITUDES and LONGITUDES. 
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TABLE LVI. 

LATITUDES and LONGITUDES 


(117) Places. 


George’s Shoals, 

— North Shoal, mid. 

- Shoal. 

— Easternmost Shoal 
Chatham, Sandy Pt. 
— South End, Light. 
Chatham Hr. Lights .1 
Cape Cod, Light . J 
Race Point, Lisht 
Barnstaple, Lignt. 
Plymouth, Lights • 
Scitoate, Light • . 
Boston, 

| — Long Island, Light 
“““ Town • • . . 

Salem. 

Baker’s Island, Lights 
Cape Ann, 

— Thatcher’s I. Lights 
Ipswich Hr. entrance 
Newbury Port, 

— Plumb I. Lights . 
Isle of Shoals, 

— White Island, Lt. 
Portsmouth, Light . 
Boon Island, Light . 
Cape Neddock. . • 
Cape Porpoise. . . 
Wood Island, Light 
Casco Bay, 

— Cape Elizabeth 
$2 — Portland, Light 
— Halfway Rock. 
Cashes Ledge, middle 
Seguin Island, Light. 
Pond Island, Light . 
John's Bay, 

— Penmaquid I., Lt. 
Franklin’s I., Light . 
Manheigin I., Light. 

| Mitinick Rock. . . 
White Head, Light , 
Owl's Head, Light . 
Castine, Town. . . 
Haute Island, S. Pt. . 
Mount Desert Rock . 
Petit Man an I., Light 


Let. N. Lon. W 
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TABLE LVI. 

LATITUDES and LONGITUDES. 



Digitized by Google 


<0 w» 
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LATITUDES and LONGITUDES. 
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TABLE LVI. 

LATITUDES and LONGITUDES. 






























































TABLE LVI. 

LATITUDES and LONGITUDES. 
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y Google 
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TABLE LVII. 


THE TIMES OF HIGH WATER, 

)n the Full and Change of the Moon, at the principal Ports, and along 
the Coasts, particularly of Great Britain and Ireland, with the 
vertical Rise of the Tide in Feet at the Spring Tides. 


Places. 

Situation. 


Rise 

Places. 

Situation. 

Times. 

Rise 



“J 





h. 

m. 

Rise 

A. 




Feet 

Augustine(St.)Bar 

United States 

7 

30 

6 



3 

m 

Augustine(St.;Bay 

Madagascar . 

4 

30 13 

Lbberille . . . 

France . . 

10 

LE 


Auray . . . . 

France . . 

5 

45 


ibb's (St.), Head 

Scotland . . 

2 

30 


Avranches . . . 

France . . 

0 

o 

iberdeen . . . 

Scotland . . 

12 

45 

14 

Awatscha Bay . . 

Kamtschatka 

4 

36 


iberdovy . . . 

Wales. . . 

7 

30 

13 

Ayamonte . • . 

Spain . . . 

1 

30 


iberistwith . . 

Wales . . . 

7 

30 

13 






Lchill Head . . 

Ireland . . 

6 

I 


B. 





ichen . . . . 

Sumatra . . 

0 

m. 







idventure Bay 

Australia . . 

4 

3G 


Babelmandel Str 

Red Sea . . 

12 

0 


ifrican Islands, 





Babelmandel, I. 

Red Sea . . 

11 

30 

6 

- South Island . 

Indian Ocean 

y 

E 

8 

Bahia . . . . 

Brazil . . . 

4 

15 

7 

£Tiea (St.) . . 

at Point . . . 

Scilly Islands 

4 

4G 

17 

Balade Harbour . 

N. Caledonia 

6 

30 


Isle of Man . 

10 

30 


Balambouang Bay 

Java • . . 

10 

15 


dx. 

France . . 

3 

ML 


Balasore . . . 

India . . . 

9 

45 

:2 

lban’s(St.) Head 

England . . 

7 

80 


Balbriggen . . . 

Ireland . . 

10 

40 

li 

ilban's (St.) . . 
ildbro’ Knaps. . 

Jersey . . 
England , . 

12 

10 

30 

40 

8 

BallingskellingsB. 
Bally 1„ Town 

Ireland . . 

East Archip. 

3 

12 

15 

30 


lderney Island . 

Eng. Channel 

6 


17 

Bally Castle . . 

Ireland . . 

5 

45 


Jgoa Bay, 


■ 


Bally Shannon 

Ireland . . 

6 

45 


- Capo Recife . 

Africa . . . 

3 

20 

G 

Balta.... 

Shetland • . 

3 

0 

6 

ilgoada Point 

C of Malabar 

ll 

15 


Baltimore . . . 

Ireland • . 

3 

45 

12 

lne River. . . 

England . . 

2 

45 


Bamfif . . . 

Scotland . . 

11 

30 


Itona . . . . 

Germany . 

0 

E 


Bancoot River. . 

India . . . 

11 

0 

11 

.mazon R., entr. 

S. America . 

G 

« 


Banda Isles 

Banda Sea • 

4 

0 


mhleteuse . . 

France . . 

11 

E 

19 

Bantry Bay . . 

Ireland . . 

3 

45 

11 

meland Island . 

North Sea . 

10 

30 


Barbary Point. . 

Africa . . . 

10 

30 


imelia Harbour . 

United States 

9 

*L. 


Barbe (St.) . . 

China Sea 

6 

0 


.mirante Island . 

Indian Ocean 

3 

30 

9 

Bardsey Island 

Wales. . . 

8 

15 


.mlwick Port . . 

Anglesea • . 

10 

3C 

24 

Barfieur (Cape) 

France . . 

7 

30 


msterdam, Bar . 

Holland . . 

3 

w. 

18 

Barmouth . . 

Wales . . . 

7 

55 

13 

imsterdam Island 

Pacific Ocean 

8 

30 


Barnstable Bar 

England . . 

5 

30 

26 

indrew’s(St)Bay 

Scotland . . 

2 

15 

15 

Barren Islands 

Madagascar . 

4 

45 

12 

mdrews, (St.) . 

Passamaquo- 



30 

Bas(Islede) . . 

Eng. Channel 

3 

45 

27 

dy Bay. . 

10 

45 

Basseen River 

Persia . . 

12 

30 

17 

mgar Sound . . 

Gulf of Persia 

1 

30 

7 

Bate Harbour . . 

Gulf of Cutch 

12 

0 

14 

angers . . . . 

France . . 

12 

0 


Baticolo Riv. ent. 

Ceylon . . 

4 

0 

3 

Lngra Bay . . . 

Terceira • . 

11 

45 

8 

Baudsey Cliff . 

England . . 

10 

30 


Lnholt Island . . 

Cattegat . . 

12 

0 


Bayonna • . 

Spain . • . 

4 

45 


Lnn (Cape) 
inn's (St.), Isle . 

United States 

11 

30 

12 

Bayonne . . 

France . . 

3 

30 


Seychelles . 

5 

30 

6 

Beachy Head .offing 

England . . 

11 

0 

21 

Lnnamooka . . 

Pacific Ocean 

G 

0 


Beachy lid., on sh 
Bear Island 

England . . 

Hudson’s Bay 

9 

45 

20 

Innapolis • . . 

United States 

10 

0 

28 

12 

0 


Lnticostal .W.end 

Gulf St. Law. 

3 

30 


Beaver Harbour 

Bay of Fundy 

10 

45 

26 

Lntonio, (Cape) . 

Cuba . . . 

9 

30 

H 

Beaumaris . . 

Wales. . . 

10 

15 

24 

Intwerp . . . 

Netherlands . 

6 

0 

14 

Bee’s (St) Head 

England . . 

11 

0] 


Ircasson, 





Belfast . . . 

Ireland • . 

10 

5 


Basin de) . . . 

France • . 

8 

45 

16 

Belle Isle . . 

Bay of Biscay 

3 

0 


Lrchangel, Bar . 

Russia . . 

0 

0 


Bembridge Point 

Isle of Wight 

Ll 

40 


Lrdglass Pier . . 

Ireland . . 

10 

30 

19 

Bencoolen,' 





Lrklow . . . . 

Ireland . . 

9 

15 


— Fort Marlbro’ 

Sumatra . . 

0 

0 


Lrnheim Bay . . 

Australia . • 

8 

0 

8 

Bergen . . . 

Norway . . 

1 

30 


irran Island . . 

Scotland • J 

11 

15 

9 

Bermuda Isle, 




Lrundel . . . . 

England • . 

9 

20 

1G 

— St.GeorgeTown Atlant. Ocean 

7 

49 

6 

Lsaph, (St.) Bay 

Australia . . 

5 

45 

14 

Berry Isles. . JLucayos . . 

7 

SO 


Ltomeri Island 

Brazil . . . 

0 

49 


UBerwick • . 

'England . . 

2 

15 

16 











Places. 


Bic Island . . 
Bigbury Bay . 
Bilboa . , . 
Biscay . , . 
Bissao , . . 
Blakeney . . 

Blanco (Cape) 
Blaskets .. 


. R.St.Lawren. 
. England . . 
. Spain . . . 

. Spain . . . 
. Africa . . 

. England . . 
. Africa . . . 

. Ireland « . 


Blaze (St.) Cape . Africa . . . 

Block island . . United States 
Blue Nose . „ . White Sea . 

Blythe .... England • 

Bo i ad or (Cape) .Africa. . . _ 

Bolt Head . . . England . . 5 
Bombay Castle .India . . .11 
Bombay Offing . India . . . 12 

Bombay Hook • . United States 10 
Bominy Harbour . India ... 2 
Bonny River . Africa ... 5 
Borkum Island . Holland . .11 
Boston .... England . . 7 
Boston . . . . United States II 

Botany Bay . . New S. Wales 8 
Boulogne . . . France • . 10 

Bourdeaux . . . France . . 3 

Bowen Port . . Australia . 10 

Boyanna Bay . . Madagascar . 4 

Brassa Sound . .Shetland . .10 
Bray Head. . . Ireland . . 3 

Bree Bank • . . North Sea . 3 
Brehat Island . . France . . 7 

Bremen .... Germany . . 6 
Brest Harb. . . France . . 3 

Brewershaven. . Holland • . 2 


Bride’s (St.) Bay Wales 


Bridgewater . 
Bridlington 
Bridport . . 
Briel . . . 

Brighton . . 
Bristol . . . 
Broach R. ent. 
Broad Haven . 
Broad Sound . 
Broken Bay • 
Buchanness . 
Bulama Island 
Buller (Cape) • 
Bulsaur R. entr. 
Burlings • . 

[Burnt Island . 
Burry Harbour 
Busheer. . • 


. England . . 6 

. England . , 4 

. England • . 6 
. Holland . . 3 
. England . .10 

. England . . 6 

. India ... 4 
. Ireland • . 6 

.Australia. .11 
. New S.Wales 8 
.Scotland . .12 
. Bijooga Is. . 4 
. Fernando Po. 4 
. India ... I 
. Portugal . . 3 

. Scotland . . 2 
. Wales ... 6 
. Gulf of Persia 7 


30 15 

15 6to8 
45 18 


Burry Harbour . Wales ... 6 
Busheer. . • . Gulf of Persia 7 

Bussora, Factory Turkeyin Asia 6 
Bustard Bay . . New S.Wales 8 

Button’s Islands . Hudson’s Bay 6 
Button Ness . Scotland • . 2 

Byron,(Cape.)Bay Australia . . 9 

C. 

Cadiz, obs. . . Spain ... 2 
Caen .... France . .i 9 


Caernarvon, Bar . 
Cairston • . . 

Calabar,(New,)R. 
Calais . . . . 

Calcutta, Ft. Wm. 
Caldy Island . . 

Caledonia, (New,) 

— South end . . 

Calf of Man . . 
Camarren R entr 
Camiguen Isle 
Campbell, (Cape) 
Campbell, (Port). 
Camperdown . . 

Cancale .... 
Canna Sound . . 
Canso, (Cape) . . 
Canso Harbour 
Cantin, (Cape) 
Cantire, (Mull of) 
Cappel, (West) . 
Capricorn, (Cape) 
Cardagos Garayos 

— North Island 

Cardiff .... 
Cardigan Bar . . 

Carlingford Bar 
Carlisle .... 
Carlos, (St.) P6rt 
Carmarthen Bar . 
Carr Rocks . . 

Carrick Island 
Carrickfergus . . 
Cartagena . . . 

Casco Bay . . . 

Caskets .... 
Castlehaven . . 

Catherine^ St.)Pt 
Catherine’s (St.) I. 
Catness .... 
Cutwater . . . 

Cayenne . . . 

Charante R. entr. 
Charles, (Cape) . 
Charles (Cape) 
Charleston Bar 
Charlotte Town . 
Charlotte's(Qu)Sd 
Chat, (Cape) . . 
Chatham . . . 
Chedabucto Bay . 
Cheduba, Town . 
Chepstow . . . 

Cherbourg . . . 

Chester Bar . . 

Chester . . . . 

Chichester Harb. 
Chignecto Bay, 

— Apple River 
Chittagong Bar 
Christmas Sound 
Christmas Harb 


Wales . 
Orkneys 
Africa . 
France 
India • 
W ales . 


South Pacific 8 
Isle of Man .10 


Africa . 


m. Feet 
0 22 
0 12 
0 9 

30 19 
5 

0 34 


Babuyan Isles 6 
New Zealand 9 
America . . 9 
Holland . . 4 
France . . 7 
Ireland . . 5 
America . . 8 
America • . 8 
Africa ... 10 
Scotland . . 9 
Holland . . 0 
New Holland 8 

Indian Ocean 2 
Wales ... 6 
Wales ... 7 
Ireland . .10 

England . .12 

Chiloe Island 11 
Wales ... 6 
Scotland . . I 
Gulf of Persia 9 
Ireland . .10 

Colombia . . 2 
Constof Maine 10 
Eng. Channel 0 
Ireland . . 4 

Isle of Wight 8 
Brazil ... 2 
White Sea . 5 
England . 5 

Guayana . . 4 
France . . 4 

United States 7 
Labrador . .10 
United States 7 
P. Edward’s 1. 10 
New Zealand 9 
R St.Lawren. 12 
England . . 1 

Nova Scotia . 8 
Aracan . .11 
England . . 7 

France . 7 

England . .10 

United States I 
England . .11 

Bay of Fundv 11 
India ... 1 
Lerradel Fuep 2 
Kerguellan’s 10 


45 0 

45 184 













TABLE LVIT. 

TIMES OF HIGH WATER. 



ora Scotia 


Churbar Baj . . I 
Churchill, (Capa). J 
Claranca Straita . t 
Clear (Capa) . .! 

Clogher Head . * i 
Coast, (Capa) . .. 

Cockapar .... 

Cod, (Capa) . . 

Comoro Isle • . J 
Coodore, (Pulo) . < 

Conquet Hoad 
Conway.... 

Cooley Point . . 

Copeland laland . 

Coquet laland. . 

Coring* Bay . . 

Coriaco laland 
Cork, (Core) . . 

Cornwall, (Cape) . 

Cornwallia. (Fort) P. of Wales’ I 
Cornwallia, (Port) Andaman la. 
Corunna . . .! 

Country Harbour. 

Coutance • • . 

Cowea .... 

Cracatoa laland . 

Crane laland • . 

Cromartie . . . 

Cromer .... 

Crookhaven • . 

Croque Harbour . 

Croea laland . . 

Cuckold'a Point . 

Culpec .... 

Cumberland Banin 
Curieuaeilale . . 

CuxhaveA • . . 


Dalkey Sound. . 

Dartmouth Harb. 

David'a (SOHead 
Dauphin, (Fort) . Madagascar 
Deaaman’s Point 
Deal, Caatle • . 

Deamon Point 
Dee, River . . 

Delagoa Bay • . 

Delaware River . 

Delgada Point 
Delgado, (Cape) . 

Deloa lalanda . . 

Demaun Bar . . 

— Offing ... 2 

Demerary R. entr. Guayana . . 4 

Denbigh . . . Walee. . .2 
Deaert(Mount)Rk. CoaatofMaine 
Diamond Point . 

Dieppe .... 

Diggea, Cape . .j Hudson’s Bay|12 


. United States 


Donegal Bar . 
Dort.... 
Downenes Road 
Dover Pier 



[ale of Wigh 


0 IIFayal Road 
||Fear, (Cape) 

II Fernando Noronh 
10 II Ferro Isles . • 

























































TABLE LVII 


355 





















































































356 


TABLE LVII. 


TIMES OF HIGH WATER. 


Ingellee • • • . 
Inhamban . * . 
Inverness, 

— Fort George . 
Ipswich . • • . 

1 reland ,(W.Coast) 
Ireland, (S. Coast) 
Isle de Bas . . . 
Isle de Dieu . . 

IsleofMan,(S.side) 
Ives, (St.) • • . 


Jackson, (Port) . 
Jago (St.) Isle 
— Port Praja . . 
Janeiro, (Rio). . 
Jask, (Cape) . . 
Jedore Head • . 

Jericacoara. . . 

Jersey (Su Aubin) 
Johanna . . . 

John’s (St.) . . 

John's (St.) . . 

John’s, (St.) Cape 
John’s, (St.) • . 
Joomba8 Riv. ent. 
Juan, (St.) • . . 

Juba, Town 
Julian, (St.) Port 
Jumbasseer Road 
Junksevlon • . 

Jutland (Coast) . 


Karakakoa Bay . 
Kedgeree . . . 

Kenmare River . 
Kennebeck. . 

Kentish Knock 
Keppel Bay 
Kilduin Island 
Killibegs . . 

Killough Pier . 
King’s Channel 
King’s Island . 
King’s Road . 
Kingstown Harb. 
Kinnaird’s Head 
Kinsale . . . 

Kirkudbright . 
Kish Bank, Light 
KishmaI.,S.W.Pt 
Kykduyn . , 


Scotland . . 
England . . 
AtlanticOcea. 
AtlanticOcea. 
France • . 
France . . 

St. GeorgeCh. 
England . . 


New S. Wales « 


C. Verde Is. 
Brasil . . . 

Persia . • . 

Nova. Scotia 
Brasil . . 
Eng. Channel 
Comoro Isles 
Ireland . . 

Newfoundlan. 
Africa . . . 

New’ Brunsw. 
Africa . . . 

Porto Rico . 
Africa . . . 

Patagonia 
India . . . 
India . • 
Denmark . . 


Owyhee . . 3 

India . . . H 
Ireland . . 3 

United States 10 
Riv. Thames 11 
New S. Wales 0 
Lapland . . 7 

Ireland . . 6 
Ireland . .10 

Riv. Thames 12 
Bass’s Strait. 3 
Bristol Chan. 6 
Ireland . .10 
Scotland . . 12 

Ireland . . 4 

Scotland . .11 
St GeorgeCh. 10 
Gulfof Persia 11 
Holland . . 7 


limes. 

Rise 

b. m. 

Feet 



4 15 

10 


14 

T3SE 



10 

20 


4 

SO 

22 

8 

15 

6 

G 

0 

4 

2 

45 

H 

G 

0 

7 

8 

20 

9 

11 

30 

12 

G 

0 

36 

3 

0 

8 

10 

30 

19 

7 

50 

5 

5 

0 

7 

11 

30 

24 

8 

Id 

6 

8 

20 

H 

4 

3s 

10 

4 

45 


4 

45 

36 

10 

0 

12 


Lagos Bay • 
Lagos . . 

Lambaness . 


. Portugal . . 2 

.Africa ... 4 
. Shetlands . . 9 


Lancaster . . 
Land's End • 
Lee Stone • • 
Leith Pier . . 

Le Have, (Cape) 
Leman & Ower 
Lerwick . • 

Leven, (Port) 
Lewis Islands. 
Lewis, (Butt of) 
Limerick . . . 
Lindy River . . 

Lintin Island • . 

Lipcomb Harb. . 
Lisbon . • • . 

Little Hampton, 
(entr. to) • 
Liverpool . . . 
Liverpool, Harb.. 
Lizard Point . . 

— Off Shore • . 

Loando . . . . 
Loch Swnlly . . 

Loire River, entr 
London Bridge . 
London, (New) . 
Londondenj • 
Long Isluna . . 

Long Sand Head . 
Longsbips . . . 

Lookout, (Cape) . 
Loop Head . . 

L’Orient, (Port) 
Louis, (Port) . . 

Louis, (Port) • . 
Louisbourg . . 

Lowestoff.m shore 

— Roads . . . 

Luis, (St ) Harb.. 
Lundy Island . . 

Luza River, entr. 
Lyme Regis . 
Lymington . . 

Lynn Deeps . . 


Machias . • 
Macoa . . • 

Madame Isle . 
Madame Island 
Madeira . . 

Maes River, entr 
Mahe Island .. 
Mahone Bay . 
Majambo Bay 
Makumba Island 
Malacca Roads 
Malaga . . . 

Malaguash Bay 
Malbay . • . 

Male, (St.). . 


Situation, ii: 


England • . 
England . . 4 
Ireland . .10 
Scotland . . 2 

Nova Scotia 8 
North Sea . 7 
Shetland . . 9 

. . 3 

Scotland . . 6 

Scot lands . . 6 

Ireland . . 6 

Africa ... 4 
China . . .12 

Nova Scotia . 
Portugal . . 4 

England . .11 
England . .11 

Nova Scotia . 7 
England . . 4 

7 

Africa ... 4 
Ireland . . 7 

France . . 3 

England . . 2 

United States 8 
Ireland . . 6 

United States 3 
Riv. Thames 11 
England . . 4 

United States 10 
Ireland • . 4 
France . . 3 

Mauritius . 12 
France . 4 

Breton Island 7 
England . .10 

8 

Maranham . 7 
Bristol Chan. 5 
Madagascar . 4 
England . . 6 

England . .11 
England • . 6 


Holland . 
Seychelles 
Nova Scotia 
Madagascar 
Madagascar 
India . . 
Spain . . 

Nova Scotia 
Ireland • 
France 


Limes 

Rise 

h. m 

Leet 

11 15 


4 St. 


i o as 

14 

2 20 

16| 

8 t 

7 

7 0 


9 45 

10 

3 30 

7* 

6 0 

11 

6 45 


6 0 

16 

4 15 

12 

12 0 


4 0 


11 30 

14 

11 o 

27 

7 50 

8 

4 55 

18 

7 55 


4 30 

6 

7 30 


3 45 

19 

2 7 

18J 

8 54 

6 

□t. 


□T 


11 30 

15 

4 30 

20 

10 30 

7 

4 30 


3 30 

20 

12 30 

3 

4 0 

19 

7 15 


10 38 


8 55 

H 

7 0 

18 

5 30 

30 

4 30 

15 

6 30 

13 

11 15 


6 0 

23 

11 0 

12 

9 52 

10 

4 0 

5 

8 0 

8 

12 4 

7 

3 0 


5 20 


8 0 

8 

4 30 

16 

4 45 

17 

10 30 


12 0 

3 

8 0 

8 

4 0 


a o 

45 













TABLE LVIL 

TIMES OP HIGH WATER. 


Places. I Situat io n. |Times|Riae 


Man an, (Grand) . Bay of 1 
Manicougan Bay . R. St.Lawrenl 
Manilla Bay . . Phillipinea .1 

Man of War Kay Bahama 
Marble Head . .United 
Maroon, (St.) Isle* France 
Margnrers Bay . Nora Scotia 
Margate Pier . England . 
Martin Vaa Rocks Atlant. Ocean 
Mary’s (St.) Cape Nora Scotia 
Mary’s (St.) Bar United States 
Mary’s (St.) • . Scilly Islands 


Places. Situation. I Times Ris 


Matane . . . . R. St. La wren. 

Mathieu, (St.) . France . . 

May Island • . Scotland . . 

May, (Cape) . . United States 
Maxeira Isle . . Arabia • . 
Mellacoree Hirer Africa • . . 
Melo, (Port) . . S. America . 
Merger .... India • • . 
Metwar, (Port) . Nora.Scotia 
Milford Haren . England . . 
MilleVaches Point RSuLawren. 
Minehead • . . England . . 
Mines Chan., entr. Bay of Fundy 
Mingan Harbour . G.St.Lawren. 


Minow Island • 
Miraporras 
Miaen Head • 
Mocha • • • 
Mogador . . 
Mombas Island 


. Madagascar 
. West Indies 
. Ireland • 

. Arabia, • 

. Africa . . 
.Africa . • 


I Mongallon Rirer . Africa . 


Monterry « • . New Albion 
Montrose • • . Scotland . 
Moose Island • . United States] 
Morebat, (Cape) .Arabia. . 
More ton Bay . . Australia • 
Moriaix.... France • 
Morocco Coast . Africa . • 
Mossel Bay • . Africa . • 
Mount's Bay . . England • 


. France 
. Africa. 

. Africa . 

. England 


mount s Bay . . bngland • 
Mount St.Michael France 
Mount Desert. • United States 
Mon ton, (Port) . Nora Scotia 
Mosambique, 

— St. George’s I. Africa • • 
[Mull of Centire . Scotland . 
Mull of Galloway Scotland . 


Nangasaki . • . 
Nantes . . . .1 
Nantes, Rir.,entr. 
Nantucket Shoals 
Nantucket, Herb. 
NareendaBay. . 
Nassau . • . . 
Nassau Bar . . 
Natal Rirer • . 
Nase . . . . 


Japan . . 
France 
France 

United Statesj 
United States 
Madagascar . 
New Prorid. 
United Sts 
Africa. 
Norway . 



Bay of FundyllO 46| SO 







































































TABLE LVII. 

TIMES OF HIGH WATER 


Situation. l imes. Rise|| 


Situation. limes. I Rise 


lb. 

Passanduva Bay . Madagascar .1 5 
PussierRiver entr Borneo . | 5 

P*tU . . . .Africa. . . 4 

Paul de Leon, (St.) France . . 4 
Paul’s,(St.)Ialand Indian Ocean II 
PauldeLoando,(St. Africa ... 4 
Pelican Harbour . Bahamas • . 7 
Pembroke (Cape) Hudson’s Str 12 
Penmarks . . . France . . 3 

Penobscot River United States 10 
Pentlaud Frith . Scotland . .10 

Penzance . . . England . . 4 

Pernambuco . . Brazil . . . 7 

Peter Head . Scotland . .12 

Peveral Point . England . . 9 
Philadelphia . . United States 3 
Philip, (Port). . New S. Wales 2 

Pickersgill, Ilurb. New Zealand 10 
Pictou Harbour . G. St. La wren 7 
Pierre (St.) . . Newfoundlan. 9 
Piliers .... R.St.Lawren. 4 
Pistolet Bay . . Newfoundlan. 0 
Placeutia Harbour Newfoundlan 9 
Plettenberg Bay . Africa ... 3 

Plymouth Dk. yd. Kngland . 5 

pi. -.u 1 ir_r. . « 


m re#t L h. m feet 

0 15 Puerto de Plata . Hayti ... 7 3 0 3 

0 8 Pulo Piuang . . P.ofWaleal. 2 0 9 

0 4^ Purfleet. . . . Riv. Thames 1 40 17 


Quebec . . . .Canada . . 6 
jQueda Road . . India . . .10 
Queenborough . England . . 1 
Queen Charlotte's 
Sound.... New Zealand 9 
Querimba Islands Africa ... 4 
Quiloa Harbour . Africa . . 3 


Race Point . . United States 10 

Rachlin island . Ireland . . 9 
Racket, (Pulo) .Java ... 9 
Radama, (Port) . Madagascar . 4 


Plymouth 
Pomona. 
Poole 
Porsal . 
Portandik 
Port Bowen 


. United States II 
. Orkneys . . 3 

. England . . 9 

. France . . 5 

. Africa ... 7 
. P. Regent's 

o InIet • 11 

Port Glasgow. .Scotland . .11 

Port Hood . . . Breton Island 9 
Port Howe. , . N ova Scotia . 8 
Port Hunter . . New S. Wales 9 
Port Jackson . . Nova Scotia . 8 
Portland Bill . . England . . 7 
Portland Race. .England . , 9 
Portland Road . England . . 6 
Portland ... United States 10 
Port Louis. . .France . . 4 

Port Porto ... France . . 3 
Port Praya . . C. Verde Ts. 6 
Porto Santo . . Madeira Isles 12 
Port Royal . . United States 8 
Port Royal. . .Jamaica . . 

Port Rush . . . Ireland . . 5 

Port Seaton . . Scotland . . 2 

Port Stephens . . New S.Wales 9 

Portsmouth,Dk.yd England . .11 
Portsmouth . . United States 11 


12 GJ 
45 


45 C 
0 71 


Port Spain . . 
Portugal, 

— (Coast of) . 
Praule Point . 
Preston Pans . 
Prince’s Island 


. Trinidad . . 6 

• Europe . . 3 
. England . . 5 
. Scotland . . 2 

. Coast ofAfrica 3 
id Lucayos . . 7 


- -- . *» 

Providence Island Lucayos . J 7 
Providence Island Indian Oceani 4 
Pudyona . . . N. Caledonia 0 
I uerto de Naos . Lanzarote I. Ill 


— \-/ • is 

Kujapour , . .India . . .11 0 12 

Ranie Head . . England • . 5 45 

Rumkins . . .Holland . . 1 20 

Ramsey.... Isle of Man .10 30 
Ramsgate . . .England . .11 20 21 

Rangoon, 

- Bar ... . India ... 3 0 

Hay, (Cape) . . Newfoundlan. 9 0 8 

Reedy Island . . United States 11 15 

J Resolution Bay . Marquesas . 2 30 

Resolution (Cape) Hudson s Str. 7 0 

| Rhe Island . . France... 3 0 

Rhode L, Harb. . United States 7 37 5 
Rio Janeiro . .Brazil ... 2 40 4 
Robin Hood’s Buy England ..345 
Roccas . . . . S. Atlantic .4 0 6 

I Rochefort . . . France . . 4 15 21 

Rochelle . . . France... 3 45 

Rochester . . . England . . 1 0 

Rodrigues Island Indian Ocean 12 30 6 

Roman, (Cape) . United States 10 30 
Ronaldsba(North) Orkney Is. . .9 45 
Roseness . . . Orkney Is. .10 30 

Roseway (Port) . Nova Scotia .8 15 

Rotterdam . , . Holland . . 3 0 7 

Rouen .... France . . I 15 
Royal Island Hr. . Bahamas . . 7 45 31 

RoymongrilR.,en. India ... 11 30 * 

Rjde . . . .England . .11 30 
Rye Harbour . . England . .10 40 24 


Sable, (Cape) . Nova Scotia . 7 
Sable I., (S Side) N. Atlantic . 8 
— (North Side) . 10 

Saintes .... Carribbees , 6 
Salungor Roads . India ... 5 
Salcombe . . . England . . 5 
Saldanha Bay . . Africa ... 2 

Salem .... United States 11 
Sali sbury Islan d . Hudson’s Bay 11 
















































































































360 


TABLE LV1I. 


TIMES OF HIGH WATER 


Places. 


Tod Head . 
Tongatuboo Island 
Topsham 
Torbay . . 

Tor Harbour 
Tory Island 
Townsend . 
Trallee Bay 
Traverse 
Treguier , 
Trincomale 
i udwHrs,(St.)Rd 
Turtle Islands 
Tusker Rock . 
[Two and a half 
Fathoms Bank . 
Tynemouth, entr. 
Typa Roads 


Situation. 


Scotland . 
Friendly lsles| 
England . 
England . 
Red Sea • 
Ireland 
United Statesl 
Ireland . , 
R.St.Lawren 
France . , 

[Ceylon Island! 
Wales . . 

Africa . . 

Ireland 


U. 


Ulietea Island . , 

UseundVillaine R 
U ah ant 1., within 
Ushant I., outside) 
in the Offing 


V. 


Y r aldivia , . , 

Y’alentia Harbour 
Vallery, (St.) 

en Caux . . L 

Y r allery, (St.) sur] 
Somme . . . 

Yandieman’s Cape 
Vannes . . . . 

Venus Point . . 

Verde, fCape) 

\ ersavah (Fort) . 
Vincent St (Cape) 

| Vincent,(St.) Port| 
Virgin’s (Cape) . 
Vlie Passage . . 

Volcano Bay . . 


[Chili . 
Ireland 


YV. 


Wallet . . . ,|Riv. Thames 


Malacca Str. 
England . 
River Canton] 


Timea Rise 


Society Isles 
France . , 
France . , 


France 


France 

New S.Wales| 
France 
Otaheite 
|Africa . 

India . 

[Spain . . . . 

|N. Caledonia j 8 
Patngonia .10 
Holland . • J 9 
|Jesso Island .] 5 


Ml 


3ol 


3o 


4 30 ! 


10 15 


II 15l 


Feet 


20 


19 


19 


6* 


Places. 


|Walwich Bay. 
Wardhuvs . . 

Warrens Point 
Watchet . • 

| Waterford H. ent.| 
Weems . , . 

Wei lings . . 
Wells . . . 
Weser R., entr. 
Western Brace 
Western (Port) 
VVestra . . . 
Wexford Harbour] 
Wevmouth . 
Whampoa , 
Whitby . . 
Whitehaven 
Wick . . 
Wicklow . 

W ilniington 
W inchelsea 
Windsor , 

YV interton . . 

W ; interton Ridge 
YVisbeach . 

YVolf Rock . 
Woodbridge Bar 
YVoolwich . 

| YV ranger Oog 
W'rath, (Cape) 


Y. 


Yarmouth Roads 
Yarmouth Sands, 
(back of) 
Yarmouth . . 
York, (Fort) . 
York, (New) 
Battery . . 

Y orkshire (Coast)l 
Youghull, entr. 


Z. 


Zanzibar 
Zuder Zee 
Zuric Zee 


Situation. 


Africa . 
[Capland 
Ireland 

Bristol Chan.| 
Ireland 
[Scotland . 
France 
Norfolk . 
Germany . 
Bay of Bengali 
New S.YVales 
[Shetland lsles| 
Ireland 
England . 
[Canton Rirer| 
England 
England 
[Scotland 
Ireland 

United States| 
England 
Bay of Fundv| 
England . 
North Sea 
England . 
Eng. Channel 
England . 

Riv. Thames 
North Sea 
[Scotland . , 


Times |R ise 


England 


England . 
Isle of Wight) 
New YY’ales 


United States| 
England . 

1 reland . 


Africa . 
Holland 
Holland 


h. 

I 

1 

11 
i 

5 

0 

1 

0 

12 

1 

11 
§ 
0 
G 

2 

3 

1! 

9 

9 

11 

12 
12 

8 

7 

7 

4 
11 

2 

12 

8 


M 

oj 

St 

45 

50 

0 

30 

0 

0 


left 

o ! 


19 


12 


30 

30 

45 

15 

15 

0 

0 

45 

0 

IS 

50 

30 

30 

30 

15 

0 

15 


8 40 


14 


13 


11 
















